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SEWAGE POLLUTION OF INTERSTATE AND INTERNATIONAL 
WATERS WITH SPECIAL REFERENCE TO THE SPREAD OF 
TYPHOID FEVER. 


INTRODUCTION. 


The disastrous results of sewage pollution of interstate and inter- 
national water supplies have been fully discussed in former bulletins 
covering the drainage area of the Great Lakes. These bulletins 
further discussed the excessive prevalence of typhoid fever in the 
United States, the relation of typhoid fever to polluted water sup- 
plies, and the remedies which would be applicable to the correction 
of our sanitary defects. In order to avoid repetition, these and other 
subjects discussed in detail in Hygienic Laboratory Bulletins 77 and 
83 are omitted here. 

The study of the Missouri River was begun upon the request of 
Dr.S. J. Crumbine, secretary of the State Board of Health of Kansas. 
The sanitary authorities of Kansas, Nebraska, Missouri, and Iowa 
had considered with apprehension the rapidly growing pollution of 
this great interstate waterway. Some effort was made to secure joint 
action by the States interested, and several meetings were held 
and resolutions passed. In 1911 the Surgeon General, Public Health 
Service, was requested to detail an officer to cooperate with a com- 
mission appointed by the governor of Kansas in a sanitary survey of 
the river. The writer was detailed, and began work in April, 1912. 

It was deemed wise to attempt to secure the cooperation of various 
forces, State boards of health, State universities, and municipal 
boards of health. This was especially desirable because of the limita- 
tion of the Federal appropriations, which precluded any large ex- 
penditure of money by the Public Health Service. 

The cooperation secured is evidence of the public-spirited attitude 
of the officials and their willingness to assist in such a work, even at 
considerable personal sacrifice. The demonstration that municipal, 
State, and Federal officers can work harmoniously is in itself an object 
lesson of value, showing what may be accomplished by such coopera- 
tion at a very low cost. 

Obviously, the most important part of the river from the standpoint 
of sewage pollution was that portion from Sioux City to its mouth, 
and it was decided to confine these first studies to this part of the 
watershed. 
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The cooperative plan outlined was as follows: First, a sanitary 
survey of the important cities and towns on the river; second, ex- 
aminations of samples of the water of the river taken daily for a period 
of at least two months, the sampling points to be fixed above and be- 
low the principal sources of pollution and in the mouths of tributaries. 
In order that the results might have comparative value it was deemed 
wise to have the examinations made simultaneously over the entire 
area. The advisability of a long series was appreciated, but there 
were insuperable difficulties in the way of securing examinations for a 
longer period than two months. Inasmuch as a year’s daily examina- 
tions were not feasible the months of June and July were selected. 
These months have certain advantages in the Missouri Valley, in- 
cluding a period of very high water with probably the maximum 
pollution, as evidenced by bacterial counts. 

The following is a list of the laboratories, the names of the officials 
extending the courtesies of these laboratories, the names of the bacte- 
riologists who did the work, and the points from which samples were 
taken: 


Officials extending the 


courtesy. Bacteriologist. 


Name of laboratory. Sampling points. 


Bacteriological labora- | (1) Missouri River, Sioux | Dr. G. H. Sumner, secre- | Prof. Albert. 
tory, lowa State City, Iowa, below city tary State board of 


Board of Health, lowa sewers. health; Prof. Henry 
City, lowa. Albert, director of lab- 
oratory. 
Laboratory of Omaha | (2) Missouri River above | Dr. Ralph W. Connell, | Dr. Millard Langfeld. 
city department of city’s sewers; (3) Mis- commissioner of health. 
health. souri River below city’s 


seweis. 
University of Nebraska | (4) Missouri River at | Dr. E. Arthur Carr, secre- | Prof. Waite; Mr. John 
department of bacte- Plattsmouth; (5) Platte tary Nebraska State J. Putnam. 


riology. River at Plattsmouth. Board of Health; Prof. 
H.H. Waite, University 
of Nebraska. 
Laboratory of city of | (6) Missouri River above | Col.J.A.Corby, president | Dr. E. A. Logan. 
St. Joseph. city; (7) Missouri River board of health. 


below city; (8) Missouri 

River below packing 

plants. 

Water and sewage lab- | (9) Atchison, above city; | Dr. 8S. J. Crumbine, secre- | Prof. Sherwood; Prof. 
oratory, State board (10) Atchison, below tary State board of Young; Miss Green- 


of health, University city; (11) Leavenworth, health. field. 
of Kansas, Lawrence, above city; (12) Leaven- 
Kans. worth, below city; (13) 


Kansas River at Law- 
rence; (14) Kansas 
River at Bonner Springs; 
(15) Kansas River at 
Kansas City. 
Laboratory depart-| (16) Kansas River at Kan- | Dr. W. 8. Wheeler, com- ; Dr. J. R. Vanatta. 
ment of health, city sas City; (17) Missouri missioner of health; Dr. 
of Kansas City, Mo. River above mouth of H. Delamater, assistant 
Kansas River; (18) Mis- commissioner of health. 
souri River below Kan- 
sas City sewers; (19) 
Missouri River at Inde- 
pendence, Mo. i 
gfe aage rim labora- | (20) Missouri River at | Dr. Ernest F. Robinson, | Dr. Murray C. Stone. 
tory, Missouri State Jefferson City, Mo. resident State board of 
Board of Health. ealth; Dr. Frank B. 
Hiller, secretary State 
board of health. 
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In the collection and shipping of samples other public-spirited 
individuals assisted very greatly. Each laboratory received and 
examined daily samples from one or more sampling points. 

Dr. Delamater furnished the containers and supervised the col- 
lection of samples at Kansas City, Mo. The State Board of Health 
of Kansas furnished containers for the collection of samples at Law- 
rence, Bonner Springs, Kansas City, Kans., Leavenworth, and 
Atchison, and the collection and shipment of samples were supervised 
by the local officials. The interest and cooperation, involving per- 
sonal sacrifice, evidenced by Dr. McKee, of Leavenworth, Kans., and 
Dr. F. L. Cook, of Independence, Mo., were especially noteworthy. 
Dr. Murray C. Stone collected the samples at Jefferson City, Mo. 
The collection of samples at St. Joseph, Mo., was made possible 
through the hearty cooperation of Col. J. A. Corby, president of the 
board of health. Dr. E. Arthur Carr, secretary State Board of 
Health of Nebraska, arranged for collection, shipment, and examina- 
tion of two samples daily from Plattsmouth. 

Dr. Ralph W. Connell, commissioner of health, Omaha, Nebr., 
took a personal interest in the work and secured the collection and 
examination of two samples daily at Omaha. The Iowa State 
Board of Health agreed to examine one sample daily from Sioux 
City, and Dr. E. W. Meis, of Sioux City, supervised the collection 
and shipment of the sample. 

The examination of samples was made in the laboratories listed 
above, and the writer feels indebted not only officially but personally 
to the bacteriologists who gave their time to this work and whose 
only compensation was the assurance that they were doing some- 
thing for the general welfare. 

In order to secure uniformity of procedure simple rules were 
agreed to and followed by the various workers. The samples were 
packed in ice for shipment, and although in some instances this was 
unnecessary, it was deemed best to make no exception, even if the 
time of transit from sampling point to laboratory was short. 

It was decided to have the examinations cover total bacterial 
counts and quantitative B. coli estimations; the total bacterial 
counts to be made on agar plates grown at 37° C.; the B. coli tests 
to be made as follows: 

Each sample was planted in lactose bouillon fermentation tubes, 
using dilutions of 10 e..c.,,1 ¢..c., O26. €.,, DOL €€.; 0.001 c. ccete:, 
in order to secure a + and — in each set of four or five dilutions. 
The fermentation tubes were incubated 48 hours at 37° C. The 
B. coli tests were not carried beyond the isolation of typical B. coli 
colonies on litmus lactose agar plates. The amount of gas was not 
considered, but all tubes showing gas were plated and the combina- 
tion of gas + the typical B. coli colony on litmus lactose agar was 
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recorded as positive for B. coli. The observations of Frost + and 
other workers show that the index of error in such a calculation is 
not great, and that probably more than 95 per cent of such colonies 
are sewage bacteria of the Colon type. 

The use of agar instead of gelatin, of litmus lactose agar plates 
instead of Endo’s medium, and lactose bouillon instead of lactose 
bile was determined by considerations of expediency and not because 
these media were considered superior. In a cooperative work of 
this character, it was essential to select the methods which imposed 
the least possible additional work and which workers would carry 
out most uniformly. 

The results of the laboratory work were collected from the workers 
by Passed Asst. Surg. John 8. Boggess,? and the interpretation of 
these results made in Washington. The total bacterial counts were 
averaged by months, and the B. coli content was estimated according 
to the method of Phelps.* This method is simple, and, for compara- 
tive purposes on the same stream, is sufficiently accurate when a 
large number of examinations are made. It gives us in the monthly 
averages an index of the relative amount of pollution at various 
points in the river. 


e 


THE DRAINAGE AREA OF THE LOWER MISSOURI. 
PRINCIPAL SOURCES OF POLLUTION. 


The drainage area tributary to the lower Missouri River includes 
practically the entire State of Nebraska, the western third of Lowa, 
the northern half of Kansas, and a large part of the State of Missouri. 

In a study of pollution of the lower Missouri River certain facts 
are prominent as having an important bearing on the subject. First, 
the character of the rural districts is such that considerable animal 
pollution is certain to reach the streams; second, the population per 
square mile is not excessive, and in many of the rural districts is 
decreasing; third, very significant pollution comes from the large 
cities, and the population of these cities is increasing. 


ene Ae cent in- 
Rural crease of population, 
: see ‘ per square 
3 mile. 
Urban. Rural. 
IGS 583 3 a a re te, eee oe ee a oA 15.5 11.5 18.7 +9.6 
OWE lpennocctiadoasdencc Sebaunsco nothbob mmoauS deen ciste Hac 40.0 27.8 19.9 arty 
je SE a ER Cee ees Ar eA 20.7 14.6 39.0 +7.3 
GTEC ToT Me eS eae Ses per. ee ee ean ie ye es 47.9 27.6 Did —3.5 


1 Frost, W. H.: Hygienic Lab. Bull. No. 78, U. S. Public Health Service, p. 117. 

2 Passed Asst. Surg. Boggess also arranged for collection and examination of the samples at Sioux City 
and of the two samples at Plattsmouth. The writer wishes to express his indebtedness to Dr. Boggess 
for his assistance. 

3 Phelps, Earle B.: A method for calculating the number of B. coli from the results of dilution tests. 
Reports and papers of the American Public Health Association, vol. 33, 1907, pt. 2, pp. 9-13, 
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The rural population in Iowa and Missouri has reached beyond 27 
persons to the square mile and is now decreasing. The rural popula- 
tion in Kansas and Nebraska is only 14.6 and 11.5 respectively; 
hence, the slight increase in rural population is to be expected. It 
may be accepted, judging by the experience of older States, that the 
rural population per square mile will not exceed 30, certainly not for 
many years. . 

The large rural population with the great number of domestic 
animals is sufficient to contribute to the streams draining this area 
a considerable degree of pollution, especially when heavy rains and 
thaws wash the surface pollution into the streams. 

This rural pollution may be accepted as inevitable. On the other 
hand, the pollution of the streams from urban sources is very great, is 
constantly increasing, is susceptible of con- 
trol, and should be very carefully con- 
trolled. 

In addition to the pollution of the Missouri 
River by rural communities, there is a certain 
amount of pollution from tributary streams 
receiving sewage from cities or towns of less 
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MAp 2.—Missouri River drainage 
area in Jowa showing sewered 
towns. 


than 5,000 population. «If these towns are 
situated at considerable distances from the 
main river, they may be considered in the 
same category as rural pollution, because of 
the effect of stream flow on the small amount 
of sewage contributed. Besides the rural 
pollution and distant pollution from these 
small cities, there remains to be considered 
the most important class of contributors to 
the pollution of the Missouri, viz, the large 
cities. Some of these cities are growing 
rapidly, and in addition to the sewage, have 


packing plants which discharge large quantities of wastes into the 
Kansas and Missouri Rivers. 
Map No. 2 shows the urban population in Lowa which is tributary 


to the Missouri River above Kansas City. 


The distances from the 


Missouri River and populations are as follows: 


a ae | Approxi- 
mate dis- mate dis- 
City, town, or village. ie ger tance from City , town, or village. Reo tance from 
> ‘| Missouri “~* | Missouri 

River. River. 

Miles. Miles. 
WeuMansea ase ek 4,157 5 || Missouri Valley .........-- 3, 187 20 
Cherokee: au. aah csi eam 2 4, 884 15 He ARAM GIG oi coo cobs gett 4, 560 90 
Del OMrsh crs ees Betis oe 2, 941 55: | S@lenwoodh sa. eee eee 4,052 15 
SPENCER. 2.8 cites sete << 3 3, 005 125 4) Od Oak Veeco keane 4, 830 | 60 
SiOUxMiCityec- sos eee AT IBZ a crores ers stare Glarinds. > eS 3, 832 60 
Council Bluffs via 24 f.csh% | 29) QO2W Shae fia. tastes ‘Shenandoah... ors. itien 4,976 60 
DeMIsONec.a: Stag: see | 3, 133 5 
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On the Nebraska side of the Missouri there is practically no urban 
pollution between Sioux City and Omaha. The Platte River drains 
a very large territory, but its urban population is small, and con- 
siderable distances intervene between these cities and the Missouri 
River. 

Map No. 3 shows the Platte River with towns of over 2,000. The 
urban population and distances from the Missouri are as follows: 


laa Approxi- 
mate dis- mate dis- 
City, town, or village. Bonar tance from City, town, or village. ire tance from 
z ' Missouri ? Missouri 
River. River. 
Miles. Miles. 
Proken. BOW. ........-:~..~- 2, 260 215. David On Yonees 2 ot reese: 2,177 70 
LOC) 2, 059 DUS AVWWAVNC ae ci sess ese 2,140 125 
MINOY <p... 2: 6, 202 100 P remont . s-.2 52S 5, ce 8, 718 50 
erro: Solan <2... 2... 10, 326 aOO RN inGones 6 aca lee 43,973 45 
Momeral Clty ..-222.2..-..+ 2, 428 T25Aipi da tismoutb ss... -555665 4, 287 0 
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Map 3.—Platte River drainage area showing sewered towns. 


South of the Platte the tributary streams on the west bank of the 
Missouri River are small and unimportant until the Kansas River is 
reached. The Kansas or Kaw River drains a large territory, includ- 
ing a part of southern Nebraska and the entire northern half of Kansas. 
The pollution of the stream is little more than rural pollution in the 
western half of the watershed. 

Map No. 4 shows the relation of the cities and towns to each other 
on the Kansas River watershed, 
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The following table gives the urban population and the approxi- 
mate distances from Kansas City: 


peren ue 
mate dis- > mate dis- 
City, town, or village. oe tance from City, town, or village. eer tance from 
? ‘| Missouri J Missouri 
River. River. 
Miles. Miles. 
Hastings, INGE... <<cic. os. 9, 338 260 |} Abilene, Kans............ 4,118 150 
Vork, Nebrick set: oases 6, 235 240 || Junction, Kans..........-. 5, 598 130 
Fairburg, Nebr... ......- 5, 294 185 |} Manhattan, Kans......... 5, 722 110 
Beatrice Nebrs.assease 9, 356 185. || Horten, Kans): 2c. oesk. 2 3, 600 90 
Beloit; Kans ) 29. --os8 - 3, 082 210 || Topeka, Kans... 24. .c.2.- 43, 684 60 
Concordia, Kans......-.-. 4,415 190 || Lawrence, Kans.......... 12,374 40 
palinan IAMS E2206 25.2<. - 9, 688 IWOsieOlatnersitanse. <2 25 6.95. | 3, 272 25 
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Map 4.—Drainage area of the Kansas River showing sewered towns. 


Thus the eastern part of the watershed receives a considerable 
urban pollution, especially the last 110 miles from Manhattan to 
Kansas City, Kans. The last named city is the worst offender, 
because of the very great pollution contributed by the packing plants. 

Map No. 5 shows the tributary streams on the north and south 
banks from Kansas City to the mouth of the river at St. Charles. 

The following table gives the urban population and the approxi- 
mate distances from the Missouri River: 
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Lara pre: 
mate dis- mate dis- 
City, town, or village. wees tance from City, town, or village. AP tance from 
z ; Missouri g ‘| Missouri 
River. River. 
North of the river: Miles. South of the river: Miles 
WADOTUY i550. 56-5558 2, 980 10 Sedalia. o5 5.7 24. 2222 17, 822 3 
michmond......-..... 3, 664 10 Marsiallice: 25.1 50% sex 4, 869 30 
Cotumbin 5.5. ...0455 9, 662 12 N@Vada soon... 4 S05 00 7,176 150 
LN) tele EO a ae 5, 228 15 Warrensburg........- 4,689 50 
Brarvaviile. . 2.5.2. 4, 762 75 HOG SCOLtE. bk se 24 10, 463 170 
ERPOOLONS Ce ese ceincee 5, 656 60 Ossawattomie......-- 4, 046 190 
Chillicothe... 0-2 .5.25. 6, 205 40 Obtaweaseere see cse 7,650 210 
IMODGEbY 26.5. Fe ts: 10, 923 35 


For these reasons the sewage pollution contributed to the Mis- 
souri by Plattsmouth, Nebraska City, Lexington, Boonsville, Jeffer- 
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son City, and Washington is not a very serious addition to the inevi- 
table pollution which reaches the river from rural sources. The 
same is true of many of the small cities situated on tributaries 
within 50 miles of the river. 

The pollution carried by these tributaries from Le Mars, Missouri 
Valley, Olathe, Liberty, Richmond, Marshall, and Warrensburg is 
negligible considering the size of the towns, the long stream flow, and 
the dilution effected in the Missouri River. A large amount of pollu- 
tion is received into the Platte and Kansas Rivers from Lincoln, 
Fremont, Topeka, Lawrence, and other cities. 

91318°—13——2 
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Population of cities on the Missouri River. 


sig eos Dene 
‘ rom ‘ rom 
City. 1910 1900 mouth City. 1910 1900 mouth 
of river. of river. 
z Miles. Miles 
Slot City se secee 47, 828 33, 111 S07. 4.1, Kansas River. oo. <-|se4<2 oc ..5 pees cere 392. 0 
Council Bluffs..... 29, 292 25, 802 659.8 || Kansas City, Kans.| 82, 331 51, 418 391.8 
Omaha. teers ces 124,096 | 102,555 659. 8 || Kansas City, Mo...| 248,381 | 163,752 390. 7 
South Omaha.....- 26, 259 26, 001 656.0 |} Lexington......... 5, 242 4,190 322.0 
Nebraska City..... 5, 488 7,380 GO72@7)||LaS OOMS Valen ey. ers 4, 252 4,377 205. 8 
PLA GUATUI Vier erste co ects oeiseelnen otemaee 635.0 || Jefferson City.-...- 11, 850 9, 664 151.3 
Plattsmouth.. <<< 4, 287 4, 964 654555 "OSASOVVIVEED ae 5.2.2| seater ones osemeeeee 141.7 
SU mOsephessjasocass 77,403 | 102,979 47950 ||. Gasconade River. s|eo2o.2- es ciee eee ee 110.0 
AGE DISON EE cere cere 16, 429 15, 722 446.8 || Washington.-.....-- 3, 670 3,015 71.4 
Leavenworth...... 19, 363 20, 735 421.8 || St. Charles. .......- 9, 437 7, 982 28.0 


Population in 1900 and 1910—Places within 50 miles of the Missouri River. 


City, town, or village. 1910 1900 City, town, or village. 1910 1900 
Sue Mats; low a. co.0 6s oc dch.% 4,157 4,146.1) Doiberty, Mosc. 028 et 2, 980 2, 407 
Missouri Valley, lowa-......-. 3, 187 4,010 || Independence, Mo..-...-..---- 9, 859 6, 974 
Glenwood, Iowa.......-...... 4,052 3; 040 {| Richmond, Mo>... 5. -5.. 5. 3, 664 3,478 
Fremont, NODE»: s- 2. sc. 2 sine 8, 718 7,241.) Columbia, Moos. 22.22. 2-2-2 9, 662 5, 651 
Gaineolm, Nebr... :2<-2<es once 43, 973 40,160 4) Fulton, Mos<.:- >... Aecces ses 5, 228 4,883 
Falls City; Nebr. of. )a.d.sas08 3, 255 3,022 || Sedalia, Mo. 3. 00. Tole 17, 822 15,231 
Olathe, Kang)... 36.4 Senses 3, 272 $,451:1) Marshall, Mo..:. - 22.3 22225 4, 869 5, 086 
Dawrence, Kans* .< .2.2-2.. 22 12, 374 10,862 |} Warrensburg, Mo.........-... 4, 689 4,724 


The greater part of the urban pollution is probably contributed by 
the cities situated directly on the Missouri River. The towns situ- 
ated on the tributaries are, as a rule, so much smaller, and at such 
distances from the Missouri, that it 1s quite probable that their sew- 
age has no appreciable effect in increasing the pollution of this river. 
Indeed, it is more likely that the tributary streams generally, with the 
exception of the Kansas River, although they carry a certain amount 
of sewage from small towns, are relatively less polluted than the 
Missouri, and hence tend to decrease the pollution of the latter by 
dilution rather than to increase it. 

Obviously the most considerable urban sewage pollution takes 
place between Omaha and Kansas City, Mo., where, within a distance 
of approximately 265 miles, the river receives the sewage of Omaha, 
Council Bluffs, Nebraska City, Plattsmouth, St. Joseph, Atchison, 
Leavenworth, Kansas City, Kans., and Kansas City, Mo., these 
cities having an aggregate population of over 600,000. 


RESULTS OF BACTERIOLOGIC EXAMINATION. 


The examinations of water as outlined in the preceding section 
were made at 19 different sampling points; 973 samples were exam- 
ined by the various laboratories, as follows: 

Kansas State Board of Health............. ro eb SEL GIR 2 RARNTO 5, Soe eg 339 


Kansas City, Mo., Hospital and Health. Board. .5..<-c 5... eee eee 238 
St. Joseph, Mo., City Health Department... ao. ees ce ee ie 159 


enh Cte? i epartmcni on deedithe tts (s 7.600 6). hy. e. 0). <1 RRO BOS 100 
ener ee PC OU RTLNOL PRCBUING (brokers 9. Sons ays ecies Ciepee a mis ~aqeth Jee Shake - 62 
mreourm Site beard. of Meath. 25.52 ee ce oe ee eb cl Bae ok ee 50 
Meme PHL OuTUNCPTOa tins cect scree Pipbet Oke LR ORO oe ae 25 

CTE eatin Wier Sipe iy 29 papel i oe Were ti SEROR MELON 6 jiu s oY ies: aeeeie ame 973 


The complete detailed results of these examinations are published 
in the appendix. For convenience in considering these results, 
monthly averages were struck, and the following table shows aver- 
ages at each sampling point for the two months June and July, 1912: 


Dis. June. July. 
tance 
from i 
nearest : A verage + Average 
sam- Saray eye pot: Average yee B.coli | Average pie oa B. coli 
pling ee ples per cubic ie per cubic 
int count. centi- count. centi- 
ahove: vaken. meter. taken. meter. 
Miles. 
Paid seOUseCatyiias ss. ARES -Mweceta| 5/222 eek es WS Sah Ree 35, 320 25 56 
140°) 2. Omaha, above city... =... -.. 5, 432 24 92 6, 260 24 250 
4 | 3. Omaha, below city........-.. 10, 087 24 156 | 11,534 24 452 
30 4. Plattsmouth, Platte River... 9, 628 Te Ale eee 35, 588 24 38 
5. Plattsmouth, Missouri River..| 9,335 EUS Seg 102, 860 24 114 
6. St. Joseph, above city.......-.. 8,074 23 255 11,322 31 162 
150 137. St. Joseph, below city......--- 10, 430 23 Stl 21,519 31 369 
8. St. Joseph, below packing f 
pias. eh es seeae sé 63, 602 23 | 18,882] 54,570 31 25, 587 
30 ie Atchison, above city.......... 21, 430 13 ~307 29, 613 25 323 
10. Atchison, below city......... 76,370 13 293 | 41,235 25 250 
o5 {fl1l. Leavenworth, abovecity....| 16,111 17 227 27, 636 26 301 
““ 1\12. Leavenworth, below city..... 30, 958 17 301 21, 266 26 312 
0 | 13. Kansas River, Lawrence. .... 11,644 18 284 18, 644 27 140 
20 | 14. Kansas River,Bonner Springs} 14,500 15 370 24,772 27 363 
20 | 15. Kansas River, Kansas City..| 120,518 33 2,006 | 63,222 29 2,214 
23 | 16. Missouri River, above Kan- 
SABMCOIDYSs «Sut Ws eS ase ge 57, 100 33 129 24,000 29 239 
10 | 17. Missouri River, below Kansas 
CHEV oon Sere 1 eee as aye a 178, 258 33 1, 562 47, 666 29 2,517 
12 | 18. Missouri River, Independ- 
GUCCI SEE cee iin see os eos 69, 421 21 820 32, 290 29 836 


230 | 19. Missouri River, Jefferson City 27, 400 25 146 19, 428 26 293 


In addition to the bacteriological examinations, the Kansas State 
Board of Health also made chemical examinations of samples from 
the Missouri River at Atchison and Leavenworth and from the Kansas 
River at Lawrence, Bonner Springs, and Kansas City, Kans. These 
examinations were made by Mr. Young at the water and sewage 
laboratory, Lawrence, Kans., and will doubtless be the subject of a 
special report by the State Board of Health of Kansas. The data 
_on the Kansas River are of especial interest and value because of the 

gross pollution of that stream by the packing plants and sewage at 
Kansas City; for this reason the results of chemical examinations 
are also included in the appendix to this report. 

It was not possible to get samples at all the desirable points; in 
fact, the writer was compelled to accept such points as the local 
authorities were able to cover. As a result several intermediate 
points of considerable value in showing the effect of stream flow on 
pollution were left uncovered. The points were selected, however, 


‘ 
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as far as possible, to show the maximum pollution at each place and 
the effect of the natural agencies of purification operative in a given 
number of miles of stream flow. 

The average bacterial count at Sioux City (sampling math 1) in 
July was 35,320. The samples were taken below the sewers of the 
city, and the average B. coli content per cubic centimeter was 56. 
The average total bacterial count at the next point, Omaha, a dis- 
tance of about 140 miles below, is only about 6,000. On the other 
hand, while the total count is greatly reduced, the B. coli count 
above Omaha (sampling point 2) is higher than at Sioux City. The 
maximum pollution of the water at Sioux City is probably nulli- 
fied by a much lesser distance than 140 miles, and the increase in 
B. coli above Omaha is due to local fecal pollution from near-by 
sources, probably from the sewage pollution of Mill Creek and other 
sources mentioned by Lumsden. 

The samples taken in the Platte River above Plattsmouth (sampling 
point 4) show that the Platte probably does not increase the pollu- 
tion of the Missouri. The B. coli content in the Platte was 38 per 
cubic centimeter lower than at any sampling point on the Missouri 
River. 

The three sampling points (sampling points 6, 7, and 8) at St. 
Joseph were placed one above the city, one below the principal city 
sewers, and the third still farther downstream just below the pack- 
ing plants. 

The first sampling point above the city was 180 miles below Omaha 
and about 150 miles below the mouth of the Platte. The amount 
of sewage directly contributed between Omaha and St. Joseph is 
negligible, and the pollution of the water above St. Joseph is largely 
from rural sources. The B. coli content below Omaha was 452 
per cubic centimeter in July and above St. Joseph 162 per cubic 
centimeter. In June an average B. coli content of 156 per cubic 
centimeter at Omaha was exceeded at St. Joseph, which had an 
average of 250 per cubic centimeter. This suggests that the B. coli 
content in the Missouri River is high independent of the sewage of 
cities, and that if the city sewage was excluded the bacterial count 
and B. coli content would still be such as to demand very thorough 
purification. 

The effect of the city sewage on the bacterial counts and B. coli 
content is very constant in both June and July, the B. coli content 
rising to over 300 per cubic centimeter in each month (sampling. 
point 7). Even more striking is the effect of the pollution from the 
packing plants. This factor, besides enormously increasing the 
total count, greatly increases the B. coli content per cubic centi- 


1 Lumsden, L. L.: Hygienic Laboratory Bulletin 72. 
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meter, which was over 18,000 in June and 25,000 in July. This 
maximum pollution at St. Joseph is reduced in 30 miles of stream 
flow to about 300 B. coli per cubic centimeter, as shown by the 
counts above Atchison (sampling point 9). The sewage of Atchison 
seems to have no effect in increasing the B. coli content. 

The samples below Atchison (sampling point 10) show an increase 
in total count, but a slight decrease in the B. coli content. 

The average of about 300 B. coli per cubic centimeter is main- 
tained in the samples both above and below Leavenworth (sampling 
points 11 and 12). Sampling pomt No. 16 was at Quindaro, about 
23 miles below Leavenworth, and 7 miles above the mouth of the 
Kansas or Kaw River. The samples taken at Quindaro showed a 
decrease in the B. coli content in both June and July as compared 
with the Leavenworth samples. 

The samples taken from the Kansas River at Lawrence (sampling 

point 13) had 140 B. coli per cubic centimeter in July and an average 
of 284 per cubic centimeter in June. Bonner Springs (sampling 
pomt 14) showed a higher B. coli content, there being over 360 per . 
cubic centimeter in both months. The maximum pollution of the 
Kansas River is near its mouth at Kansas City (sampling point 15). 
This is due to the sewage of Kansas City, Kans., and a portion of 
Kansas City, Mo., but especially to the wastes from the packing 
plants. The samples were taken a considerable distance (about 1 
mile) below the worst sources of pollution and showed an average 
total bacterial count of 120,000 and a B. coli content of 2,006 per 
cubic centimeter in June. In July the total count averaged 63,000 
and the B. coli content 2,214 per cubic centimeter. 
_ The pollution shown at sampling pomt 17, below the principal 
sewer outlets of Kansas City, Mo., is due to the combination of 
polluted water from the Kansas River and the sewage of Kansas 
City, Mo. | 

The total bacterial counts and the B. coli content per cubic centi- 
meter are very high below Kansas City’s sewers, and, in July, the 
B. coli content averaged 2,517 per cubic centimeter. 

Samples taken at the waterworks station, Independence, Mo. 
(sampling point 18), about 12 miles below Kansas City, show the 
effect of 12 miles of stream flow upon the grossly polluted water at 
Kansas City. The distance is too short to effect great purification, 
considering the enormous amount of wastes discharged into the 
stream at Kansas City, but an appreciable purification is effected. 
The bacterial count is reduced and the B. coli content drops to an 
average of about 800 per cubic centimeter. 

Sampling point No. 19 was located at Jefferson City, Mo., and rep- 
resents Missouri River water, with the almost unavoidable rural pol- 
lution. The urban pollution probably plays little part, smce Kansas 
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City is 240 miles upstream and the nearest source of direct sewage 
pollution is Booneville, about 54 miles above. In the stream flow 
of 240 miles the bacterial counts and B. coli content approach the 
condition of Missouri River water at Leavenworth or Quindaro. 

It is likely that this degree of pollution, which seems to be normal 
under existing conditions (about 300 B. coli per cubic centimeter), ~ 
is reached in much less than 240 miles, but it was not feasible to 
secure samples between Independence and Jefferson City. 

The B. coli content is a more reliable index of sewage pollution 
than the total bacterial count. The two indices very often show a 
striking parallelism but are not always in accord. In the following 
charts (10, 11, 12, 18, 14, 15, 16, and 17) both bacterial counts and 
the B. coli content per cubic centimeter are illustrated. If deduc- 
tions may be made, they would be based on the B. coli content. In 
June the normal B. coli content per cubic centimeter was about 150 
per cubic centimeter, as evidenced by the average counts at Omaha, 
Quindaro, and Jefferson City, and in July from 250 to 300. 

These samples were taken at pomts many miles below any source 
of urban pollution. Considering the enormous stream flow avail- 
able for dilution. and the remarkable quality of sedimentation 
which the Missouri River possesses, the high B. coli content at such 
points can not be attributed to city sewage. 

The following table from the reports of the United States Geolog- 
ical Survey shows the enormous stream flow of the Missouri River: 


Monthly discharge of Missouri River at Kansas City, Kans., for period Apr. 1 to Dec. 31, 
1905, inclusive. 


[Drainage area, 492,000 square miles. ]} 


Discharge in second-feet. 


Months. 
Maximum.} Minimum.} Mean. 

MBiihss pore Bos Seok Ads Noa 2's Ga gale hee ant eee a eee 84, 800 33, 600 48, 990 

SA Satine He DEP. ROU OED t EDRA AUN whee NS. SyNe Se oe Os ern ere eee tet 138, 300 44, 700 81, 170 

SUMO AAG A cien). odie. oes sue cane Me ds eae ees ee ae ge a areas 48, 73, 7 111, 800 

SEY Poe ec ec cos Fed woke a ac ee a me ESE Se Ny Se: 236, 000 91, 550 150, 800 

ANNES Ds boc eat Soe a ME Cae Coe ee Me Et ea eed oe coe 105, 800 45, 150 77, 740 

Septenl Por s-7 4ON 7 aie Meee JA SP che Roe eck ae eee oh ca minor e hakaee 168, 000 30, 700 71,000 

OPCEO DOES Deck eo ceee k. ois 5 ote Re One BE ates Eee ee Sar 49, 680 28, 250 35, 560 

INGWOENDCr eek .8 Ske ne ec ne eta ot eae Serra Nee eae Or ee eee 54, 500 30, 350 38, 520 
Wecem ber. Fees a ee Re ak A ACR Rete ON Meee eae ye Ree ire Bese 42, 450 16, 250 25, 750 | 

MTN FOOT NOC A eek ak a Oe A en ee ee 236, 000 AG SEO cc aici 


During June, 1905, the mean stream flow was 111,000 cubic feet 
per second and in July 150,000 cubic feet per second. During June 
and July, 1912, it may be presumed that the volume was about the 
same. 

The turbidity of the Missouri River is very great, turbidities of 
3,000 to 8,000 parts per 1,000,000 (silica standard) being not uncom- 
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mon. The enormous quantity of suspended matter undoubtedly 
serves as a purifying agent as sedimentation takes place. 

In view of these circumstances the sewage of small urban com- 
munities of less than 5,000 people can not have a marked effect upon 
the character of the Missouri River water for more than a few miles 
beyond the sewer outlets. Yet at Jefferson City, 240 miles below 
Kansas City and 54 miles below Boonville (which has less than 
3,000 people tributary to sewers), a B. coli content of from 150 to 
300 per cubic centimeter was found. The most logical explanation, 
and an inference which is unavoidable, is that the high B. coli count 
in Missouri River water is due largely to the washings from the 
rather populous watershed. ‘‘ Populous”’ is used here to indicate not 
only human beings per square mile but also cattle and hogs. Inde- 
pendent of city sewage, the tributary streams and the Missouri 
itself receive in flood times the washings of manured fields, grazing 
land, and hog farms, as well as the washed-out contents of privy 
vaults, cesspools, and small sewerage systems. 


SIOUX CITY, IOWA. 


Sioux City, Iowa, grew from a small city of 7,366 in 1880 to 37,806 
in 1890. It suffered a loss in the next decade, registering 33,111 
inhabitants in 1900. During the past décade the city has had a 
substantial growth, and in 1910 had a population of 47,828. The 
importance of Sioux City as a center in interstate traffic may be 
expected to increase. There will also be an increase in the amount 
of pollution which it contributes to the Missouri River. 


SEWERAGE SYSTEM. 


The sewage of Sioux City is discharged into the Missouri River by 
four principal outlets at the foot of the following streets: Water 
Street, Nebraska Street, Virginia Street, and Court Street. 

The largest discharge is at Court Street, and this amounts to 
about 40 per cent of the total sewage discharged directly into the 
Missouri. The Floyd River receives sewage from three outlets of the 
city sewerage system and also the sewage and wastes from the 
stockyards. The Floyd River discharges into the Missouri at the 
foot of Clark Street, about four blocks below the Court Street sewer. 
Sioux City is a well-sewered city, but there are more than 1,000 
privies in use. | 

WATER SUPPLY. 
.The public water supply of Sioux City is from deep wells and its 


security from pollution is conceded. However, it is one thing to 
have a safe water supply and quite another to have all the people 
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use it. As in other rapidly growing towns, there are about 1,000 
shallow wells which must be regarded as questionable sources of 


supply. 
TYPHOID FEVER IN SIOUX CITY. 


Following are the number of deaths from typhoid fever occurring 
in Sioux City as shown by the death certificates on file at the office 
of the secretary State board of health: 


Total 
Month. 1905 | 1906 | 1907 | 1908 | 1909 | 1910 | 1911 by 

months. 

Janiany: 5 Pee e yet e f3.2 . aeeeaie eee ee ese se 0 0 1 2 3 0 0 6 
MC DTUAI aie cescis ee he mers = ae ares rates Seles Oeisine. ae 0 1 1 0 iL 1 1 5 
OLCITR .-s tee eR REP ee See e e fe EAL 0 0 0 0 1 0 0 1 
GRU BS cea taek't oR ese coos wee < Se es re OEE 1 0 0 0 0 1 0 2 
BN SOO hese CELEE wah E iu Base RE Cae ES 1 0 1 2 0 1 i 6 
UNG Bence 2 tee aac ete co eee eee ee eee 0 1 1 0 0 1 1 4 
JG oes sol eee, ot SOEUR. wees oe eae 2 0 0 0 iJ 0 1 1 3 
AUIS Us aierstsiceie = se wc sca oie cis Sineap Mewes a 3 1 1 2 1 2 3 13 
DepeeMIDER ae ces SESk s SPL hp eS EE ee 1 0 i 0 5 9 1 8 
OCEO DONS tere me ne ee NEC eee ee 5 eee ee eee eee 0 2 1 2 3 3 1 12 
November i...) S2c.cs Asc sdteaey-ces Ae eee te 0 2 0 0 0 4 0 6 
DeceMmbersen eras. eth e oS cree ie sae EEO 4 1 1 3 2 1 i} 13 

Rotal DY Vearss <u. en oe te ae ee ee 10 8 8 12 


ae 15 10 > ce 


The rate was comparatively low in 1901, 1903, 1904, 1905, 1906, 
and 1907. It was excessive in 1900, 1902, 1908-9, and 1910. In 
1911 the death rate fell to 20 
per 100,000. Monthly statistics 
were not available before 1905. 
The high rates for 1908 and 1909 
were due to an excess in De- 
cember, January, and May, 
1908; December, January, Feb- 
ruary, and March, 1909. In 
1910 the excess was not in the 
winter and spring months; 1911, 
with a low rate, presents a ty- 
Fon ti Toa. phoid curve resembling that of 
cities with safe water supplies. 

If water plays any part in ty- 
phoid transmission in Sioux City, as suggested by the seasonal pre- 
valence in 1908 and 1909, it is probably water from private wells or 
other questionable sources. With its excellent public water supply 
and the elimination of privies and shallow wells, Sioux City should 
effect a marked reduction in typhoid fever rates. 

Chart 1 shows typhoid fever rates in Sioux City since 1900 com- ° 
pared with Holyoke, Mass. The Sioux City rates since 1901 are 
consistently higher than those of Holyoke. The public water supply 
of both cities is conceded to be safe. Only an intensive study of 


Stoux-City Towa compareo wire Horvoxe, Mass. 
iz Trenow Fever DéatHs PER 100,000 er YEARS. 
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CHART 1. 
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local conditions can show definitely what factors are responsible for 
the higher rate in Sioux City. There is no reason why Sioux City 
should not discover and correct these defects and bring the typhoid 
fever death rate down to 10 per 100,000 or less. 


COUNCIL BLUFFS, IOWA. 


Council Bluffs has had a steady though not rapid growth since 1880. 
The population in 1910 was 29,292. 


SEWERAGE SYSTEM. 


The existing sewerage system of Council Bluffs is not extended over 
the entire city. A large part of the eastern portion of the city is 
sewered and this system discharges into Indian Creek at Nineteenth 
Avenue. Indian Creek discharges into the Missouri River about 2 
miles below the Union Pacific Railroad bridge. The western half of 
the city is largely unsewered. The country is flat and there is prob- 
ably not sufficient grade to carry sewage to the Missouri, and pumping 
may be necessary. The city officials are now working on this problem. 
There are thousands of privies in use at present, and these can not be 
eliminated until the sewerage problem is solved. 


— 


WATERWORKS 


The public water supply is derived from the Missouri River. The 
water is subjected to short storage and treated with alum. In May, 
1910, the use of hypochlorite was begun and is still being used. The 
public water supply does not reach all the people, and it is estimated 
that there are over 2,000 shallow wells in Council Bluffs. 


TYPHOID FEVER. 


Statistics of typhoid fever deaths in Council Bluffs are available 
since 1905. The typhoid fever death rate was excessive in 1909 and 
1910, and in 1907 was above 20 per 100,000. In the other years the 
rate was low. 

The high rates from 1907 to 1909 and 1910 were due to an increase 
of deaths in the winter and spring months. 


Deaths per 100,000, typhoid fever. 
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Deaths, typhoid fever, by months, 1905 to 1911. 


l 
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Chart No. 2 shows the difference between the typhoid curve for the 
years with low rates compared with the curve for the years with high 
‘rates. The former (solid line) has a very low rate for the winter and 
spring months, and the latter (dotted line) has a low rate in summer 
and autumn and very high 
rates in December, January, 
February, March, and April. 

The curve for the years with 
high typhoid rates is very sug- 
gestive of water-borne infection. 
After the outbreak in the winter 
of 1910, hypochlorite treatment 
of the water supply was begun. 
Since that time (Apr., 1910, to 

Tn Ee Dec., 1911) the typhoid rate 

whine 190], 1909, 1910, om mem me has been very low, in 1911 being 

Tae only 13 per 100,000. Water- 

borne typhoid in cities of this type is not entirely due to the public 

supply. It may be largely due to contaminated wells. There are 

over 2,000 of these shallow wells in Council Bluffs, and these, together 

with the thousands of privies, must be considered a great menace to 
the public health. 

The treatment of the water supply with hypochlorite was a step in 
the right direction, and its continuance, and the gradual elimination 
of the shallow wells and privies will do much to insure low rates for 
typhoid fever in the future. 


Councit Buures, Ia. 
Fe Typhord Fever, Total deaths by months. 
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OMAHA, NEBR. 


The city of Omaha had a population in 1910 of 124,000. A com- 
prehensive survey of sanitary conditions in Omaha was made in 1910 
by Surg. L. L. Lumsden, United States Public Health Service,’ fol- 
lowing the typhoid-fever outbreak of 1909-10. In order to avoid 
duplication, I shall omit much of the sanitary data which were 
presented by Dr. Lumsden in Bulletin 72. 


1 Lumsden, L. L.: Hygienic Laboratory Bulletin No. 72. 
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SEWERAGE SYSTEM. 


About 80 per cent of Omaha’s population is provided with sewers 
and the remainder still use privies. The sewers discharge into the 
Missouri River by seven outlets. In addition, there is one outlet 
into a creek. The sewage discharged into the creek is treated first 
in a septic tank. 


WATER SUPPLY. 


The water supply of Omaha is derived from the Missouri River. 
Since the outbreak of 1909-10 the supply has been carefully treated. 
The water is very turbid, and a series of basins allows for sedimenta- 
tion of much of the suspended matter. In the second basin the coagu- 
lant (alum) is applied. Since 1910 hypochlorite has been used as an 
adjuvant with excellent results. There is total storage capacity 
for less than one day’s supply, but the result of sedimentation with 
the use of alum and treatment with hypochlorite without filtration 
seems to be effective, judged by bacteriologic results. 


TYPHOID FEVER. 


Typhoid-fever death rates in Omaha have fluctuated from 11.5 in 
1903 to 86.7 per 100,000 in 1910. As a rule, they have been below 
30 and frequently below 20 deaths per 100,000. In 1910 there was 
a very ususual prevalence in winter months. 


Deaths from typhoid fever reported by months in Omaha.* 


Month. | 1905 | 1906 | 1907 | 1908 | 1909 | 1910 | 1911 | 1912 | Total by 

months, 
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1 These figures were obtained from local records. The total for the year in some instances does not 
coincide with the rates given by the United States census. No monthly records were available from the 
United States census reports, so that in spite of apparent discrepancy it was necessary to use these local 
records of deaths by months in order to estimate seasonal prevalence. 


The typhoid-fever history of Omaha was fully discussed in 
Hygienic Laboratory Bulletin 72 by Surg. Lumsden. Speaking of 
the outbreak of 1909-10, he says: 


Water.—The unusually high rate of prevalence or outbreak of typhoid fever in Omaha 
during the period extending from about November 25, 1909, to about March 25, 1910, 
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was beyond reasonable doubt caused by infection in the water supply obtained from 
the Missouri River. Some of the points in the evidence on which this conclusion is 
based are as follows: | 

(a) The river water obtained at both intakes was polluted to a dangerous extent 
with sewage. 

(b) The results of the bacteriologic examinations show that during the period in 
which the outbreak was caused the treatment of the water, previous to its distribution 
to the city, by storage and by the use of a coagulant was not efficient to render this 
water reasonably free from dangerous pollution. 

(c) The vast majority, over 95 per cent of 103 cases particularly investigated, were 
in persons who during the 30 days prior to onset of illness used as the sole, principal 
or occasional source of water for drinking purposes the unboiled and unfiltered tap 
water as supplied from the river through the city water system, and besides this water 
there was no factor common to the majority of the cases which could reasonably be 
considered as having been concerned in the production of the disease. 

(d) There was a parallelism between the occurrence of certain unusual climatic 
conditions which particularly affected the river water and the unusual prevalence of 
typhoid fever, which very strongly suggests a relationship of cause and effect. 

(e) Reports from a number of other cities for the period in which-the outbreak at 
Omaha occurred showed that in those cities which were using water from the Missouri 
River the typhoid-fever rates generally were unusually high, while in cities neigh- 
boring these but using water from other sources such as wells, springs, lakes, etc., the 
typhoid-fever rates generally were not unusually high. 

(f) Among persons who habitually used for drinking the water distributed from the 
Burnt Street station—which water in the winter of 1909-10 was exposed to greater 
sewage pollution than it had been in any other winter for certainly many previous 
years and to relatively more sewage pollution from near-by sources than was the water 
distributed from the Florence intake—the disease appeared to prevail at a rate which 
was disproportionately high. 

(g) The time of occurrence and the extent of the outbreak point to the water supply 
as the source of the infection. 

(h) The results of the investigation eliminate, beyond reasonable doubt, all possible 
sources of infection other than the water supply which could have been responsible 
for an outbreak of such character. 


Since the outbreak in 1910 and the installation of the hypochlorite 
treatment there has been marked improvement in the typhoid fever 
rate. There were 6 deaths in January, 1911, but during the rest 
of the year only 16 deaths occurred, and the yearly death rate from 
February 1, 1911, to February 1, 1912, was only 13.7 per 100,000. 
High rates persisted throughout 1910, and the high rate in January, 
1911, may be, perhaps, considered as a result of the 1910 outbreak. 
Yet, including January, the entire year 1911 had the lowest rate 
since 1903. (See chart No. 3.) 


SOUTH OMAHA, NEBR. 


South Omaha had a population of 26,246in 1910. Itisa city which 
owes its existence to the meat-packing industry. About 80 per cent 
of the population has access to sewers of the combined type. These 
discharge by four outlets into the Missouri River. South Omaha 
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not only contributes its house sewage to the Missouri, but the enor- 
mous quantities of organic wastes from the stock yards and packing 
plants are also contributed. 


ST. JOSEPH, MO. 


St. Joseph is a flourishing city with great meat-packing industries. 
- Its population has shown some remarkable fluctuations. In 1890 
it was credited with 52,324. In 1900 it was alleged that the popula- 
tion had reached 102,979. The 1910 census showed 77,403. It is 
not improbable that the 1900 census exceeded the actual resident 
population, and that the decrease in the past decade was more appar- 
ent than real. 
SEWERAGE SYSTEM. 


The sewerage system is of the combined type. There are about 
100 miles of sewers emptying by 14 outlets into the Missouri River. 
These vary in size from 15 inches 
to 174 feet in diameter. About 
three-fourths of the population 
have access to the sewers, the re- 
mainder depending upon privies. 
Below the last sewer outlets, the 
wastes from the packing plants 
are discharged into the river. 


OMAHA, NEB. 
| Typhoid Fever Death rate per 100.000 by years / 200s: -/9/, 
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WATERWORKS. 


_ The public water supply of St. 

Joseph is taken from the Missouri 
River, by two intakes, 24 and 36 
inches in diameter, respectively. 
It is pumped to a3,000,000-gallon 
basin divided into two compart- 
ments. The first compartment 
acts as a mud basin, and much of 
the turbidity is lost before the 
second compartment is reached. 
Alum is applied in the second compartment. A 36-inch conduit 
conducts the water to. another 3,000,000-gallon basin, which is suffi- 
ciently high to deliver the water to the filters by gravity. 

There are 14 filter units each of 700,000 gallons capacity in 24 hours. 
The filter units are of the rapid sand type. From the filters the 
effluent is carried to a clearwater basin of 1,250,000 gallons capacity. 

From the clearwater basin the water is pumped to reservoirs 
having 16,000,000 gallons capacity, 327 feet above the river and 
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delivered to the city by gravity. Hypochlorite of lime is applied 
before the water is pumped to the high reservoirs. In addition to 
this system there is a reserve reservoir in the city of 3,000,000 gallons. 
The daily consumption is about 7,500,000 gallons. Many shallow 
wells still exist in St. Joseph, especially in the lower portions of the 
city near the river. It is estimated that there are 2,000 of these 
shallow wells. 


TYPHOID FEVER. 


From 1901 to 1908, according to recorded statistics, St. Joseph had 
consistently the lowest rate for typhoid fever of any city in the United 
States.'. During this period the annual average death rate per 100,000 
for typhoid fever was only 12.5. In 1909 the rate was higher and 
in 1910 reached 38.8 per. 100,000. Typhoid fever was unusually 
prevalent along the Missouri River in the winter of 1909 and 1910, 
and the rate in St. Joseph was unusually high in January, February, 
and March, 1910. 

The water purification plant is capable of furnishing safe water 
at all times. It must be remembered that there are a considerable 
number of shallow wells in St. Joseph. In times of heavy rain, thaws, 
and floods these become contaminated, and the board of health 
traced many cases to these wells in 1911. 


ATCHISON, KANS. 


Atchison had a population in 1910 of 16,429. 
SEWERAGE SYSTEM. 


The sewage of Atchison is discharged into the Missouri, the bulk 
of it by means of White Clay Creek. The sewage from St. Benedict’s 
College and other sources was formerly discharged above the water- 
works intake. Sewage from above the waterworks is now intercepted 
and discharged below the waterworks at Utah Avenue. 


WATERWORKS. 


The public water supply is taken from the Missouri River and 
pumped to a series of four reservoirs, two of 2,000,000 gallons, one 
of 1,500,000 gallons, and one of 5,000,000 gallons capacity. The 
daily consumption is 1,250,000 gallons, so that there is storage for 
several days’ supply. Alum is applied after the first sedimentation. 


1 Crediting St. Joseph with very low rates for typhoid fever, one must take into account some remark- 
able discrepancies in population statistics. There is a question of the accuracy of statistics showing 
such remexkable fluctuations. ; 
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The first basin of 2,000,000 gallons acts as a mud basin. As the 
water passes the second basin of the same size the alum is applied. 
Further sedimentation and storage is afforded by the 1,500,000- 
gallon and the 5,000,000-gallon basins. No hypochlorite is used, 
although there is an excellent opportunity to use it with good results. 


TYPHOID FEVER. 


Typhoid fever rates have been excessive in Atchison and there is 
little doubt that the public water supply has played a part in this 
excessive prevalence. In 1909 the death rate was 68 per 100,000. 
In the months from January to June the rates are very suggestive 
of water-borne infection. Year after year there have been many 
deaths from typhoid fever in the winter and spring. In six years, 
1906 to 1911, there were 22 deaths in the months from January to 
June, and only 19 from July to December. 


Typhoid deaths by months. 


1906 1907 1908 1909 1910 1911 
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Typhoid fever, annual death rate per 100,000, by one-half year periods. 
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January to July to January to| July to 
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Such persistently high rates in the winter and spring indicate that 
the public water supply is is a factor of importance in this excessive 
prevalence. 
_ The table following shows the quality of the public water supply to 
be dangerous and the purification ineffective. 
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Public water supply, Atchison, Kans., 1912.1 


B. coli B. coli 
Total | Total 
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1 Examinations made in the laboratory of the State Board of Health, Lawrence, Kans. 
LEAVENWORTH, KANS. 


The population of Leavenworth in 1910 was 19,363. There has 
been a slight decrease in the past decade and the population has been 
almost stationary since 1890. 


SEWERAGE SYSTEM. 


The sewers of Leavenworth discharge into the Missouri River by 
four outlets, as follows: 


Inch. 
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The Dakota Street sewer is the largest and also receives the sewage 
from Fort Leavenworth. 


WATERWORKS. 


The public water supply of Leavenworth is taken from the Mis- 
sourl River. It 1s pumped to a series of four reservoirs. The first 
serves as a mud basin, and alum is applied in the second. From the 
third reservoir the water is pumped to a fourth reservoir of 6,000,000 
gallons capacity, 365 feet elevation, from which the water is distrib- 
uted by gravity to the city. The capacity of the four reservoirs com- 
bined is 13,500,000 gallons, sufficient for about two and a half days’ 
supply, the daily consumption being about 5,000,000 gallons. Hypo- 
chlorite of lime has been used since May, 1910, in reservoir No. 2. 
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Deaths from typhoid fever. 
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TYPHOID FEVER. 


Typhoid-fever rates in Leavenworth were excessive in 1900-1901, 
1903, and 1904, and have been high ever since. In 1910 the very 
high rate of 85 was reached. Of the 17 deaths in 1910, 6 occurred in, 
January. During the 10 years 1901-1910 there were 117 deaths from 
typhoid fever. Only 21 of these occurred in September, October, 
and November, and 52 occurred in January, February, March, and 
April. The consistent predominance of typhoid fever in the winter 
months indicates water-borne infection. 

The following table shows the results of our examinations of sam- 
ples of the public water supply of Leavenworth in June and July, 
1912. The examinations were made in the laboratory of the State 
board of health, Lawrence, Kans. 
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The table shows the superiority of this plant over one in which 
hypochlorite is not used. (See Atchison.) Safe water from the Mis- 
souri River is only possible after treatment, and the treatment must 
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be uniform and efficient to give good results. The table indicates: 
some lack of uniformity in results, and the daily finding of B. colii 
from July 20 to 25 suggests that the efficiency of the plant left some-- 
thing to be desired during that period. 


KANSAS CITY, KANS. 


Kansas City, Kans., has had a rather rapid growth. Its popula-. 
- tion by decades was: 1890, 38,316; 1900, 51,418; 1910, 82,331. 

This increase in population is largely due to the growth of the meat-. 
packing and allied industries. There are also located there railroad 

shops of the Santa Fe and the Union Pacific, steel works, and chemical 

manufactories. The amount of pollution contributed by such a city’ 
is out of all proportion to the population. 


SEWERAGE SYSTEM. 


The sewerage system in general is of the combined type and its 
sewers discharge by 11 outlets into the Kansas or Kaw River, and 
1 outlet (draining the section on the east bank of the Kansas) into 
the Missouri River, crossing the State line and discharging through 
the system of Kansas City, Mo. Map No. 6 shows the sewer sys- 
tem and also the location of packing plants, stockyards, and factories 
which contribute enormous quantities of pollution. 


WATER SUPPLY. 


The source of the supply is the Missouri River near Quindaro (see 
map No. 6). This site is above the mouth of the Kansas and thus 
avoids the sewage and wastes from both Kansas City, Kans., and 
Kansas City, Mo. 

There is sedimentation of about two hours in the first reservoir, 
then alum is applied. Another sedimentation of two hours is secured 
in the second basin and alum applied a second time. There is a third 
sedimentation of two hours during flow through the third basin from 
which the water passes to rapid sand filters. This system works 
fairly well most of the time. In months of high turbidity (8,000 to 
8,000 parts per million silica standard) the sedimentation is insuffi- 
cient, the water reaches the filters turbid, and the effluent is turbid. 
The bacterial content of the water has been at such times excessive. 
During 1912 hypochlorite was used, but the manner of adding the 
chemical to the water was crude, although possibly effective. The 
following table shows the results of examinations of water in Kansas 
City, Kans., from September, 1911, to May, 1912. The analyses were 
made by the city chemist, Prof. E. A. White. 
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MAP 6.—Kansas City, Kans, showing sewer outlets ,packing plants, stockyards, and factories. 
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Bacterial count. 


Bacteria per cubic 


Bacteria per cubic 


centimeter. centimeter. 
Date. Date. == 
Raw Treated Raw Treated 
water. water. water. water. 
1911 1912. 
BOD UOT 324 Fath ee ose be ae 2, 500 NODE Tian Ui aot cee deees 8 IR 3, 200 150 
OG i) Ape nt ae ee nla 6, 200 100 PE OA Sea torte: yee ee eee 3, 000 130 
LS SR EE Re 6, 000 200 Ol a Seb aes s eee eee Baers 3, 000 2 200 
pata dae eranee eae 6, 000 PAO)AI | Ned ES) OP co Ne rere ete Pent Speke ay on 3, 000 125 
Di eek SNR Me eee 7,000 200 LA eS ee Sot ees see ee 3, 000 125 
NOV eae t ss, ate oe ae cee 5, 500 190 DANI S Sie ORS > aR ae Se 10, 000 140 
Sipe et ee fee 5, 000 250 DR SR OL Bene ee 10, 000 2170 
phe Na ek coe ke 5, 000 SO lal Ae Gueeee ais ok cee cee acco ees 5, 000 170 
DOP INE Ean Rees ee 5, 000 200 LBA Se See. So Re 30, 000 1120 
DO BoP heh Sa 0 eee 4,000 300 7 SORT orate ee AR eee eS 25, 000 1 350 
DOC RPGS Ae Re Gn TE 4,000 280 Dihized. Tees oi: Oe 30, 000 1300 
ae eae ae mo 8 4,500 20) a eASDI aeons ccctas = aoe ee ee 30, 000 1300 
74 SS a Pr ose 2 4,000 200 HORSES ee ee eee 30, 000 1 240 
PAY, Satie Oe a edge SO ied 4,800 200 | Watenen asso Sao eee 24, 000 1100 
DR So sextet 9, 000 1130 
1912 a Ih 12e (eee ele ee pei Se 13, 000 150 
USNR Tee een. ao oa 2,000 100 
Ms Ba Recens i oOo. ae. Ys 3,000 150 
1 Used bleaching powder. 2 Did not use bleaching powder. 


The reduction in total bacteria following the use of hypochlorite 
is striking, considering the great increase in bacterial content of the 
However, B. coli is 


raw water during February, March, and April. 


present at times in the effluent. 


following results: 


Tap water, Kansas City, Kans.1 


Samples taken in July and for- 
warded to the State board of health laboratory at Lawrence gave the 


B. coli present in— 
Total 
Date. bacteria. 

10°exe; | esc. (OA Gie00L ee: 

July . OSS RS Spo sed a dd ese neacere ace: Hae a so cm Tem one soec 3, msi = ++ -- -—- 
Ea eh a wy Pe a ea 9 ire ene RA eve ae ia RSE Mr ee SL % + — + wanes ae es 
Reeds we nesses See ae ssh as ae saws SaO eine Re ee eel 1, 400 + = Ne See 
De ard Sata o ee Sele oatele wie Sie oe GOES Cae ae EEC ee 560 + + Seo eae 

743) 5 Sn Se ae oe Se TSR REE AOR ae HOI Sopa 2,940 + + + = 

| ee ee ree ee eee een 1,670} + + + _ 
FO eee bos aye as as en ks Bh Sic hasale wale, SHE re ake Ua Opes ot tral hide aio ee eee 95 + + soe Eh wel Ae 

SB) es ee AS els Se. See ah ey hn oe per eat at ue 270 + a ae = 

ee a Ree ancien Se eee Ginn Ueto ne cee a ee 130 + + a == 


1 The above samples, although examined some hours after collection, were carefully shipped, and the 
results may be considered fairly accurate. 

These results indicate that the present system of purification is 
inadequate. When we consider what is accomplished with the same 
water by the plant at Kansas City, Mo., we must admit that better 
results are possible and should be secured. 


ot 


Deaths from typhoid fever, Kansas City, Kans. 


Rate 
Year. Jan. | Feb. | Mar. | Apr. | May.| June.| July.| Aug. | Sept.} Oct. | Nov. | Dec. |Total.| per 
100,000. 
ee 2 6 3 iH 3 iL 4 5 11 150) |e os 3 44 GeO 
/ 1 a ee 5 2 2 6 3 2 5 8 2 10 2 2 49 81.0 
. ae 5 ) 6 5 1 1 2 1 3 8 5 2 48 76.0 
|S q 3 ) 5 2 3 5 8 3 a 5 0 51 77.6 
re 5 5 | 5 3 1 4 1 5 4 7 3 0 43 62.3 
ll Sa ae 1 3 3 5 2 4 9 tf 12 4 8 3 61 84.7 
See | 1 ss 3 0 0 1 2 5 4 1 2 3 26 34.6 
_ | See ae 2 1 6 6 0 0 1 10 7 3 2 rj 45 56. 4 
SS + 3 4 4 6 2 3 4 7 8 5 3 53 65. 4 
Li 3 2 1 1 0 2 9 6 7 0 7 1 39 46.4 
| ae 0 0 0 1 


TYPHOID FEVER. 


_ There has been a persistently high prevalence of typhoid fever in 
Kansas City for years. The average annual déath rate per 100,000 
for 10 years (1902-1911) is 66.1. In 1907 the rate was 84.7 and in 
1910 it was 65.4. This excessive prevalence is produced chiefly by 
very high rates in the winter and spring months. Chart No. 4 shows 
the seasonal prevalence of typhoid Se ae 

fever, giving the total deaths by [|r fun Deans or Monrus, (0 veak reno 1902 — 19/0 
Months for a period of 10 years: {Ae ]24 (eb Pes pti | rep onder Nore Time 

Chart No. 5 shows the typhoid 
rate by years since 1902 compared 
with Yonkers, N. Y., a city of 
the same size. Yonkers is a mill 
town and sanitary conditions are 
not particularly good and there 
is a very high infant mortality. 
However, Yonkers has had a good 
water supply. This can not be 
said of Kansas City. 

The old plant consisted of 10 
units of the wooden-tub type, each 
with a nominal daily capacity of 7 
500,000 gallons. The lack of ade- CE As 
quate settling basins caused the partially coagulated mud and water 
to be rushed to the filters. The raw filters have a daily capacity of 
20,000,000 gallons and there is great improvement in the sedimenta- 
tion, although at times the present 6-hour flow is inadequate and a 
fourth basin, with an additional 2 hours’ sedimentation, would be of 
great advantage. The addition of hypochlorite seems to have 
improved the supply and the results are shown in chart No. 6. The 
death rate from typhoid fever for January, February, March, and 


ca 
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April was never below 35 per 100,000 until 1911, when it dropped to 
30. In 1912 hypochlorite was used and the rate dropped to 4.3, this 
being the first year since 1902 to escape without a single death in 
January, February, and March. 


KANSAS CITY, MO. 


Kansas City, Mo., has had a remarkable growth; in 1900 the 
population was 163,752, and in 1910 it was 248,381. It is a great 
railroad center, a metropolis for a 
very large part of three States, and 
its stockyards and meat-packing in- 
dustries make it one of the most 
important commercial centers in the 
West. Naturally its sanitary condi- 
tion is a matter of interstate impor- 
tance. 


KANSAS CiTy, KANSAS, COMPARED wita Yonkers, N.Y 


a Trpuoio Fever Deatus Per 100-000 ay rears 1/902 —19// 


| 7901] 903 7704] 1905]9 06] 907] 908 [7909] 470 [7407 


SEWAGE SYSTEM. 


The system is partly separate and 
partly combined. The outlets into 
the Blue River are chiefly sanitary 
sewers; the outlets into the Missouri 
River and Turkey Creek are of the 
combined type. 

The principal outlets discharge 
into the Missouri River. There are 
six of these varying from 4 to 10 
feet in diameter. A large district 
ze drains into Turkey Creek by means 
(ise OG kent of the O. K. Creek sewer and three 

po emp ote other outlets of the combined type. 
There are four outlets of  sani- 
tary sewers into the Blue River and Brush Creek. Map No. 7 shows 
the location of the sewer outlets. 


WATER SUPPLY. 


The intake of the Kansas City (Mo.) supply is in the Missouri 
River at Quindaro, about 5 miles above the city. The raw water is 
pumped to a reservoir of 90,000,000-gallons capacity. Alum and 
lime are added after preliminary sedimentation of mud. There is 
provision for more than two days’ sedimentation in the reservoirs 


39 


at the maximum consumption, as this is less than 40,000,000 gallons 
daily (July). From the clear well the water returns by gravity to 
to the pumping station. In its 
course it receives the hypochlo- 
rite. 

From the pumping station at 
Quindaro the clear treated water 
is pumped to the Turkey Creek 
reservoir. This basin also has 
90,000,000 gallons capacity. From 
Turkey Creek reservoir there is 
a high-pressure service main- 
tained by the Turkey Creek sta- 
tion pumping direct into the 
mains. 

The use of hypochlorite has 
been particularly successful, both 
from the bacteriological and physi- 
cal stand points. The bacteriologic results are given in the following 
table. The results are furnished by Mr. Walter Cross, city chemist. 


Kansas City, KANSAS. 


Tenor Fever annuat Dearn fare PER 100.000, oan fea Mar PAR. 
each YEAR FROM 1902 Ta 19/2 


CHART 6. 


Bacteriological counts of Kansas City, Mo., water. 


| Fermen- Fermen- 


; tation tation 
Date, River | Settling City test for Date, River | Settling City test for 
1911. direct. basin. | Hall tap. at coli, 1911. direct. basin. | Hall tap. B coll, 
ity | it 
Hall tap. Hall tap 
Mar. 21 8, 000 1, 800 70 | Negative. || Sept. 19 10 000s. eae 120 | Negative. 
22 6, 000 2,000 (1) Do. 20Fe12"000' |. bazar 0. 
23 4,00 860 i100 Do. 21 15, 000 1, 200 40 Do 
24 10, 000 500 55 Do. 22 15;000:1. 455 4483 60 Do 
25 8, 000 600 90 Do. 23 20, 000 1, 500 70 Do 
26 10,000 500 (2) Do An |: 52 5. BESS BR Seas Do 
27 8, 000 400 25 Do 25 25, 000 2, 000 80 Do 
28 5,000 260 20 Do. 26 15, 000 1, 600 70 Do 
29 14,000 300 110 Do. 27 BOSCO Bae es eene 80 Do 
30 20, 000 260 210 Do. 28 12,000 1,000 80 Do 
31} 30,000 250 190] Do. 2014. 10: 1,200 70! Do. 
June 19 12,000 GOO els. % a2 s Do. Dec. 20 10,0001. 35). 285943 60 Do. 
20 8, 000 500 140 Do PL, || SEE eee ee a | ae RS | eee ieee nee Do. 
Bh 9, 000 600 90 Do 22 8,000 600 50 Do. 
22, 10, 000 1,200 30 Do. Deis}: || gitar ae cere || I Oe ie el eS PR Do. 
25 9, 000 1,100 40 Do. 24 UEOOO: |RTE 9. S32 60 Do. 
24 1G. M00) (Rae 90 Do DMS Seren patel Pete cea clay ENE, Shed Do. 
25 | 11,000 850) bends 27 bs Do 26 6, 000 800 60 | Do 
Bete ere ee ee 315! Do 27 SNOOO canes ot 50| Do 
27 3, 000 250 160 Do OS ile Fee LUA att 7: Do 
28 4,000 300 80 Do 29 7, 000 700 70 Do 
DOR Se SS ae ae ee gat 110 Do 30 6,000 PELs sid 60 Do 
1 Spoiled. ; 2 Not taken. 3 All molds. 


The long flow through the pipe line to the Turkey Creek reservoir 
after the addition of the hypochlorite and the aeration in the 90,000,- 
000-gallon basin effectually disposes of taste and odor. 
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TYPHOID FEVER. 


The deaths from typhoid favor in Kansas City ae months since 1906 
are given in the following table:* 


Total 
Year. Jan. | Feb.| Mar.| Apr. | May.| June.| July.| Aug.| Sept.} Oct. | Nov.} Dec. by 

years. 
LQOGE Ret eo os 2 { 2 Si hs Bere Setters ates 6 6 5 iS 1 3 34 
C0 / SRA SR Soe 4 3 1 4 3 4 rh 6 7 3 5 4 51 
MOOR aes. ets e ee 2 “t 2 Aue teeter Scere 2 1 1 1 2 il 20 
OOO tes ah od te ee 1 2 2 1 1 2 3 6 4 2 3 3 30 
NOWOM Sate. oe devs cha Di 21 10 8 3 if 9 8 6 6 4 8 118 
(1 SS eeeses See 6 6 4 5 4 1 5 6 3 8 6 9 63 
LOND eo iectdnnics soe 1 1 Dlhenat sat bishop i's Beallio'e rete. oll See arene eile Salerro erate my anell ie elo oecs Paveve | eee tone Ce erent 

Total by 

months.... 33 38 26 25 At 14 32 33 26 25 21 28 ds acitgate é 


1 These figures are taken from local records. The totals for several years do not agree with the figures 
published in United States Census reports. Unfortunately the United States Census Bureau could not 
furnish deaths by months, and these local records were the only available sources for estimating seasonal 
prevalence of typhoid fever. 

Chart No. 7 shows the annual typhoid-fever rate by months in 1910 
comparing Kansas City with Newark, N.J. Newark has a safe water 
supply and a curve which is normal for cities which have practically 
eliminated water-borne typhoid. The height of the epidemic curve 
in February is striking, and the abnormal rise in June and July 
noticeable. The further rise in December is characteristic of water- 
borne typhoid. The year 1910 was an epidemic year, and it is inter- 
esting to exclude 1910 and analyze the five lowest years in the last 
decade—1906, 1907, 1908, 1909, and 1911. 

Chart No. 8 shows the seasonal prevalence during these five years 
compared with the usual seasonal prevalence one finds in cities with 
safe water supplied. Cincinnati, Ohio, in 1910 is used as a type of 
this class. Even in these ‘“‘low”’ years the contrast is striking. The 
very much higher rates in January, February, March, and April, the 
— early rise in June and July, and the higher rates in December are at 
once apparent. 

The prevalence of typhoid fever in Kansas City, Mo., has been con- 
sistently excessive for many years. Chart No. 9 shows, by years, the 
rates of Kansas City compared with Jersey City, N. J. Up to 1907 
Jersey City depended upon an upland supply derived by impounding 
streams. This supply was exposed to some pollution, though the raw 
water was vastly superior to Missouri River water. Since 1907 hypo- 
chlorite of lime has been used in treating the supply, and the result 
is well shown on the chart. In 1908-9 and 1910 the rate in Jersey 
City averaged 10 deaths per 100,000, while in the same period Kansas 
City averaged 40. Since 1900 the rate in Kansas City has never been 
below 30 until 1911. | 
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Map 7.—Kansas City, Mo., showing sewer outlets. a 
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Water undoubtedly is a big factor in Kansas City’s typhoid. It 
must be borne in mind that water not only includes the public supply, 
but also hundreds of wells and 
springs. Thisisa limestone area, 
and wells and springs in such ter- 
ritory may furnish an attractive 
water in physical appearance 
which may be dangerously con- 
taminated. The city chemist, 
Mr. Walter Cross, has shown re- 
peatedly that many of these 
wells are polluted. The bulk of 
the people have access to the 
public supply, and the improved 
treatment of the water since the 
1910 epidemic is beginning to 
show results. 


Kansas City, Missouri, compareo with Newark, NJ 


y Trevoin FEVER ANNUAL Deatu Rate PER/O0000 By montus 19/0. 


[70s] Jon| tet, Mar | Apr | Mery | Jone | July | tog [Sep | det | Hou | Dee | 


Pepsi | | ty fe 
El cee | let Ll te 
seal Me ely bre | 


LEXINGTON, MO. 


Lexington is situated on the 
Missouri River 68 miles below 
Kansas City. The population in 
1910 was 5,242. The sewerage 
system consists of about 34 
miles of sanitary sewers, dis- 
charging by one outlet into the 
Missouri River. There is no 
treatment of sewage. About 50 
per cent of the population still depend upon privies. 

Nearly all the inhabitants use the public water supply, and wells 

eh hs eehieict As arefew. The public water sup- 

Freworo Fever Deaton Rare rev l00000er mourns 1906-190]-1908-1909-19/ COMBINED. ply is taken from the Missouri 
| River. There is no treatment, 
but there is a reservoir capac- 
ity for between three and four 


days’ supply. 
BOONVILLE, MO. 
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CHART 7. 


Boonville is situated on the 
Missouri River 116 miles below 
Lexington and 184 miles below 
KansasCity. The population in 1910 was4,252. Abouta third of the 
population still depend upon privies, although Boonville has several 
miles of sewerage discharging by two outlets into the Missouri River. 


CHART 8. 
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The water supply is from the Missouri River, treated. There is also 
total storage capacity in the three reservoirs of over 6,000,000 gallons. 
This would afford storage for about 12 days’ supply. About one-third 
of the population depend upon wells, the remainder using the public 
water supply. 

JEFFERSON CITY, MO. 

Jefferson City, the capital of the State, is situated on the Missouri 
River, 54 miles below Boonville and 240 miles below Kansas City. 
The population in 1910 was 11,850. 

The entire sewage of the city is discharged into the Missouri River. 

TOES Tee PNA TGES ONE get oa The waterworks intake is in the 
[| Trenor Fever Deans ren 100,000 av years Missouri River above the sewer 
i hcgeel te outlets. Theraw water is treated 
with lime and iron sulphate with 
sedimentation. No bypochlorite 
was used up to the time of my 
inspection. Upon my _ request, 
Dr. M. C. Stone, State bacteri- 
ologist, made daily examinations 
al | ‘Ate from June 11 to June 29. The 
total bacteria counts ranged from 
ba VAN Te YL 50 to 1,200, usually atch 200 to 
PAE NALS ASF ES 400. B. coli was present in all 
ae SA eee 1 c. c. samples except one, and 
was present once in the 0.01 ¢. ¢. 
sample. The writer advised the 
use of hypochlorite in a letter to 
Dr. Stone, July, 1912. 


WASHINGTON, MO. 


Washington is situated on the 
Missouri River, 70 miles below 
Jefferson City and 38 miles below the mouth of the Osage River. 
Its population in 1910 was 3,670. 

Two-thirds of the population use privies, the remaining third hav- 
ing sewer connections. There are about 2 miles of sewers emptying 
by one outlet into the Missouri River. 

About a quarter of the population depend upon surface wells and 
the remainder use the public water supply. This is taken from the 
Missouri River. There is a reservoir capacity of 1,000,000 gallons, 
which should afford about five days’ storage. 


CHART 9. 


ST. CHARLES, MO. 


St. Charles is situated on the Missouri River, 28 miles from its mouth 
and 43 miles below Washington. The population in 1910 was 9,437. 
About half the population use privies, although seven-eighths have 
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CHART 10.—Showing average number of B. coli per c. c. Missouri River during June, 1912. 
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access to sewers. There are about 15 miles of sanitary sewers, which 
discharge by two outlets into the Missouri River. 

The public water supply is taken from the Missouri River and few 
wells are in use. There are three settling basins and one standpipe, 
and two additional reservoirs, each of 1,000,000 gallons’ capacity, are 
_ to be constructed. 


GENERAL SUMMARY. 
(a) CONDITIONS. 


There has been an undue prevalence of typhoid fever for years in 
every city taking its water supply from the Missouri River except St. 
Joseph, and St. Joseph had high rates in 1910 and 1911. The con- 
sistently high rates in winter and spring year after year indicate that 
the greatest factor in these high rates was the sewage-polluted Mis- 
souri River water, imperfectly purified. 

Previous to 1910 the older systems of purification were ineffective 
in times of great turbidity or of high bacterial content. Sedimenta- 
tion without the use of a coagulant is not.sufficient to purify the 
Missouri River water in time of gross pollution. 

Purification processes depending upon sedimentation are more 
effective in times of great turbidity, but this higher percentage of 
purification is nullified by the high initial bacterial content of the 
untreated water. 

Sewage pollution of the lower Missouri River is general from Sioux 
City’to its mouth, while it is greater in the vicinity of cities and pack- 
ing plants. Itis is marked at points on the river far removed from 
cities. At such points, after many miles of stream flow from the 
nearest urban source (54 miles at Jefferson City or 23 miles at Quin- 
daro) the B. coli content is still as high as 150 to 300 per cubic centi- 
meter during certain months. This necessitates a high degree of 
purification in order to make Missouri River water safe. 

Filter plants have not been able at times to overcome the pollution 
of the Missouri, often for lack of sufficient sedimentation, but princi- 
pally because of the lack of hypochlorite as a final process. ‘The bac- 
terial count and the B. coli content per cubic centimeter are at times 
so high in: the Missouri River that with a filter efficiency of 98 per 
cent removed a dangerous effluent remains. 


(6) REMEDIES. 


The primary requisite to reduce the excessive prevalence of typhoid 
fever in this area is safe water supplies. 

The addition of hypochlorite of lime as a finishing process to the 
existing purification plants seems to have produced good results in 
Omaha, Council Bluffs, St. Joseph, Leavenworth, and Kansas City, 
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Mo. It is a question whether better results than those reported by 
Omaha and Kansas City, Mo., could be obtained by other methods. 
With a water of the character of Missouri River water, it is probable 
that the ideal is not reached by sedimentation and chemical treatment 
alone. Filtration would be an additional safeguard, and the increased 
cost could be further justified upon the improvement in the physical 
character of the water. 

Kansas City, Kans., would be benefited by increased sedimentation 
basin capacity. Those cities which are not using hypochlorite should 
install a hypochlorite apparatus at once as an addition to their plants, 
after correcting the defects in their water purification systems. 

These municipalities need an agegres- 
BANDAS _AIVER sive campaign to eliminate the shallow 
Tene 7972 —SSSSS*d«SCWe dd aan the insanitary privy. 

Some pollution of streams in a popu- 
lous area is inevitable. Even with the 
most elaborate methods of sewage 
treatment which are economically pos- 
sible pollution will occur in times of flood 
after rains and thaws and from persons 
navigating the stream. Sewage treat- 
ment, as a matter of fact, has been 
initiated usually to prevent nuisance. 
It is very effective for this purpose 
by oxidizing the putrescible material 
or by the nitrification process due to 
anaerobes in septic compartments. The 
effluent, however, while it is more stable 
; and less likely to produce nuisance, has 

Herijontil scale'tinch = "20 mee still a very high bacterial content. So 
CHART 12.—Showing average number of that sewage treatment is nota substitute 

B. coli per c. e. Kansas River during for water purification. 

June, 1912. 

The use of streams for the disposal 
of sewage is an economic resource and may often be employed with- 
out detriment to others; hence its absolute prohibition would be 
unjustifiable. Such use of streams is sound in principle and safe in 
practice when proper restrictive control is exercised. : 

Although prevention of all pollution is impossible, the control of 
pollution is feasible and necessary. The discharge of sewage by 
cities should be under control, and disposal by dilution should be per- 
mitted, for economic reasons, up to the limit of permissible pollution, 

The permissible limit of pollution of a waterway can be fixed only 
after a careful study of the waterway, the uses which must be made 
of it and to which it is best adapted. The permissible limit of pollu- 
tion allowing a reasonable use of the stream for the purposes for which 
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it is best adapted must be fixed for each locality by the formulation 
of official standards for the waterway at that particular point. 
Such official standards should be made for each problem independ- 
ently and separately, it being manifestly impossible to fix general 
standards of raw water to cover all cases without gross injustice. 
_ The acceptance of these basic facts-will tend to prevent unjustifiable 
generalization in a problem in which each locality is a law unto itself. 
By allowing a reasonable use of these interstate waters for the recep- 
tion of sewage or sewage effluents, subject to such restrictions coupled 
with water purification as will amply protect the public health, the 
more intensive process of sewage purification may in many cases be 
avoided. <A city may thus be saved 

a very great expense which could only Kansas River 


be justified on sentimental and not on |4@*S — Lae per CC. 
practical grounds. 


To attempt the impossible is not only 
to court certain failure, but, further, 
such attempts make difficult later efforts 
of a more conservative and practical 
nature. 

The Missouri River at points farthest 
removed from the greatest sources of 
sewage pollution furnishes a raw water 
for drinking purposes which not only 
is unfit for drinking without treatment, 
but which requires very thorough treat- 
ment to render it safe. 

Sewage treatment is often an aid and 
sometimes a necessity in improving the 
quality of a grossly polluted water which G34, 743 
is used as a source of water supply. ‘jowalsule te unch — 20 miles 
There is no doubt that there are points Cuarr 13—Showing average number of 
on the Missouri River where the pollu- ce aia T beng ge 
tion is excessive. This preliminary 
survey shows that some of these points have probably exceeded even. 
a liberal construction of the phrase ‘‘permissible pollution.” It is 
impossible to generalize with justice and a further intensive survey at 
such points is necessary to determine if treatment is necessary and 
what degree of purification should be exacted in fairness to all 
concerned. 

The condition of the Missouri River has reached a point where 
immediate control of pollution is necessary to prevent further impair- 
ment of the stream as an interstate source of water supply. Probably 
restriction of the present pollution would be unnecessary except at 
certain points, but further increase of this pollution should be care- 
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fully passed upon and permission granted only after most carefu: 
consideration. If the pollution increases beyond present conditions: 
too great a strain and responsibility will be placed upon the water- 
purification plants. 

Even now the pollution is such that at certain points it would be an 
unfair adjustment of the balance between sewage treatment and water 
purification to expect any water-purification plant to care for such a 
raw water. Luckily it has not been necessary thus far to place water- 
works intakes near such points. 

The pollution found in the Missouri River is sufficiently gross to 
require attention. Before the introduction of ‘“‘hypochlorite” as a 


finishing process or adjuvant to other 
ANSAS RIVER 1. See : 
methods of water purification, one 
Averace NUMBER OF BACTERIA PERC.C. P ? 


would have said unquestionably that 
the raw water in the Missouri River was 
polluted to such an extent that its pu- 
rification imposed an excessive respon- 
sibility and undue cost upon purifica- 
tion plants, and therefore this pollution 
should be greatly reduced. 

A filter plant or a purification plant 
of any kind unaided by hypochlorite is 
considered to be working satisfactorily 
if the percentage removal of bacteria 
is as high as 99 per cent. Yet such 
efficiency applied to Missouri River 
water with counts of 50,000 or 100,000 
leave a very dangerous effluent with 
bacterial counts of 500 to 1,000 per 
cubic centimeter. 

The introduction of hypochlorite 

Hobiponiic wale bucks TO Mia” ~=—d modified our views somewhat in re- 
CHART 15.—Showing average number of bac- gard to the load bis i EA. purification 
teria per c.c. Kansas River during June, plant which could be cared for e€co- 
a nomically. By the addition of hypo- 
chlorite to a clarified effluent, with counts of 500 or higher, a result 
bacteriologically satisfactory is obtained at low cost, as shown at 
Omaha, Kansas City, Mo., and other places. I am of the opinion, 
however, that the pollution of raw water used as a source for water- 
purification plants, should be reduced to the minimum consistent 
with the finances of the communities involved even where the puri- 
fication plant plus the hypochlorite seems to be able to overcome the 
high bacterial counts and other indices of pollution in the raw water. 
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CHART 14.—Average number of bacteria per c. c. Missouri River during June, 1912. 
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CuaRt 16.—Showing average number of bacteria per c. c. Missouri River during July, 1912. 
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The rather high degree or rural poliution—that is, washings of the: 
drainage area in times of flood, thaws, and heavy rains—is unavoidable,, 
but the heavy unrestrained pollution of many cities and towns oni 
tributary streams is corrigible at least to some extent under State laws: 
and such improvement should be effected. The urban pollution and| 
pollution from packing plants is a very great factor in the pollution, 
of the Missouri River, and this unrestrained discharge of raw sewage 
and wastes into the great interstate waterway should be checked and 
placed under most careful control. 

In discussing the problem of pollu- 
tion of waterways many widely diverse 
opinions are expressed. There are 
those on the one hand who speak of 
absolute prevention of pollution as 
though it were feasible to effect, while 
the opposite view is held by some, that 
the streams should receive the unre- 
stricted discharge of sewage from 
urban communities. Between these 
two extremes lies the logical position 
held by students of the problem whose 
professional training and experience 
compels attention. 

This latter position is held by sani- 
tarians and sanitary engineers in gen- 
eral, and consists in control of pollution, 
using the streams wherever possible 
without detriment to the public health. 

The pollution of rivers, streams, and 
lakes within a State may be controlled 
by Statelaws. The problem of the con- 

Wonfmttoalind = "onde trol of great interstate and interna- 
CHaRt 17.—Showing average number of bac- tional lakes and rivers is not so simple. 
fond Perc. ¢., Kansas River during July, ‘They must be considered as a complete 

; entity, and not piecemeal. The same 
laws or restrictions should apply to the Missouri River whether it be 
that part which separates Iowa and Nebraska, or that which separates 
Kansas and Missouri. The problem of pollution of interstate and 
international waters is so broad and affects so many interests that it 
necessitates for its equitable and efficient handling a central directing 
authority independent of local influences of prejudices. This central 
authority must also have the power to deal with foreign countries and 
adjust international differences. It is difficult to secure uniformity 
of law in the various States, and uniformity of procedure under such 
law is almost too much to be expected. To treat the problem of pol- 
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lution on these great interstate or international waterways with justice 
and equity to all concerned there is a necessity for Federal control. 

This control should include provisions that persons, corporations, 
or municipalities now habitually polluting an interstate waterway 
should be required to file within a specified period plans in duplicate 
_ showing the manner and extent of pollution. They should be required 
to secure a permit from the Federal authority for any extension of 
existing sewer or waste outlets or systems before commencing con- 
struction. The Federal requirements should be the minimum neces- 
sary for the prevention of the spread of disease ‘n interstate traflic, 
leaving to the various States the right to exact more rigid require- 
ments from municipalities within their own borders consistent with 
their own State laws. 
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APPENDIX. 


REPORT OF COMMITTEE ON STANDARDS OF PURITY FOR RIVERS AND 
WATERWAYS. 


To the President and Members of the National Association for Preventing the Pollution 
of Rivers and Waterways: 


GENTLEMEN: At a meeting of the National Association for Preventing the Pollution 
of Rivers and Waterways, held at Baltimore, Md., on December 13, 1911, it was voted 
“that a committee of five members of the association be appointed by the president 
to act as a committee on standards of purity for rivers and waterways, with instructions 
to study the general subject in a broad way, and to make a tentative report at the 
next annual meeting of the association on the feasibility of establishing standards 
applicable to different conditions,’ and on December 21, 1911, the undersigned were 
duly appointed by the president, Mr. Calvin W. Hendrick, to serve as members of 
this committee. We at once entered into correspondence and on June 27, 1912, met 
in New York for a conference. 

The various matters involved have been considered in detail, but the present 
preliminary report is confined to certain. fundamental propositions, about which 
there appears to be little difference of opinion among sanitary engineers. These 
propositions, with a few explanatory notes, are as follows: 

Your committee finds— 

(1) That because of the increasing population of the country, the increasing tend- 
ency toward concentration of population in cities, the extension of agriculture, the 
increasing necessity of artificial fertilization, and the growth of manufacturing, it is 
and always will be physically impossible to maintain our rivers and waterways in 
their original and natural condition of purity. However much we may strive to the 
contrary, some pollution of the water is inevitable. A reasonable degree of cleanliness 
should nevertheless be demanded. 

(2) That up to certain limiting points the use of our rivers and waterways as vehicles 
for the reception, transmission, and ultimate disposal of sewage and other liquid 
wastes is primarily an economic question. The discharge of raw sewage into our 
streams and harbors should not be universally prohibited by law. 

(3) That the method of disposal of sewage by dilution is recognized as sound in 
principle and safe in practice, if carried on with proper restrictions. The power of 
streams to transport suspended matter, and the ability of natural bodies of water to 
oxidize and destroy offensive substances through the action of various physical, 
chemical, and biological processes, represent a natural resource that should be utilized 

as far as this can be done with safety and economy and without offense. 

Norr.—This is in line with the present idea of conservation. It is believed that 
the use of these forces of nature may be just as valuable in their way as the use of 
certain streams for water power is valuable in its way. Not to take advantage of 
them where possible would be contrary to public economy. Some streams probably 
serve their best use to the general public as carriers and destroyers of waste organic 
matter. The point to be determined is as to how far these forces can be utilized 
without offense. The ordinary limits of dilution based on the ratio of the population 
or the volume of the sewage to the stream flow are not sufficient, as they fail to take 


into account the velocity of the current and the opportunities for aeration. Further 
data on this point are needed. , . 
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(4) That for each river and waterway at any given point there is a limit to the | 
amount of permissible discharge of waste matter. The reasons for this limit are not 
the same in all cases, but vary according to the use that is made of the river or of the 
water of the river, and according to the character of the territory through which it 
flows. No universal standard of purity can be wisely established or maintained. 

(5) That when the extent of the pollution is such as to affect the public health in 
any way by any reasonable use of the river or the water of the river, the sanitary 
aspect of the situation should control and the degree of pollution should be regulated 
accordingly. 

Notr.—This proposition involves the question as to what is a reasonable use of 
rivers and waterways, which is a matter to be determined for each particular case, 
and one that in the event of conflicts between different interests must at present be 
decided by the courts. ; 

(6) That when the extent of the pollution is such as to cause sensible offense to 
public decency in the course of any reasonable use of the river, this aspect of the 
situation may properly control. 

(7) That when the extent of pollution is such as to cause material injury to fish or 
shellfish industries, or to the ice industry, this element may control. 

(8) That when the extent of the pollution is such as to cause the silting up of the 
channels of navigable streams, this element may control. 

(9) That even when the demands of public health, offense to decency, and inter- 
ference with navigation are such as to place a limit to the pollution of the stream, 
the economic aspects of the case should be considered in regulating the amount of 
permissible discharge of waste matter—the fundamental principle being that the 
results accomplished shall be reasonably commensurate with the cost of prevention 
of the pollution. 

Nots.—It is recognized that there are great demands upon cities for expenditures 
made in the interest of public health and comfort, and that the relative results obtained 
by expenditures for different purposes should be considered when budgets are being 
made up. 

(10) That while no universal standard of purity applicable to all rivers and water- 
ways can be established, it is believed to be feasible to establish and maintain appro- 
priate standards of a general nature for waters that fall within certain particular 
groupings. Your committee has this matter under advisement, but is not prepared 
to report upon it in detail at this time. 

(11) That, inasmuch as the safety of public water supplies is the most important 
element in the problem of stream pollution at the present time, the following general 
principles should govern the discharge of sewage and waste matters into rivers and 
waterways. 

(a) Streams from which water supplies are taken without purification should not 
receive any fecal matter, sewage, sewage effluent, or wastes that will render the 
water a menace to health or otherwise impair its natural quality. 

(b) Streams from which water supplies are taken and used after purification should 
not receive fecal matter, sewage, sewage effluent, or waste matters in such quantities 
that the contamination of the water at any waterworks intake would put an un- 
reasonable burden upon the purification works, or in quantities sufficient to produce 
the conditions referred to in the next paragraph. The treatment of sewage or wastes 
required to produce this result may vary from none at all, in the case of large streams 
where the pollution is very remote, to a thorough treatment if the pollution is large 
and near the waterworks intake. 

(c) Streams not used for water supply may receive sewage whereverand in such 
quantities that its entrance will not sensibly offend decency in the reasonable public 
use of the stream or cause interference with navigation or with valuable fish indus- 
tries or the ice industry. Where this can not be done the sewage or wastes should 
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receive such treatment before discharge as to bring the effluent within this rule, due 
regard being given to the relative cost of the’ processes required and the benefits to 
be derived. 

(d) Large lakes from which water is used for a public water supply without filtration 
should not receive any fecal matter, sewage, or sewage effluent within a distance of 
several miles from the intake, depending upon local conditions as to currents, and 
suitable provision should be made for disinfecting the water supply. 

(e) Large lakes from which water is used for public water supply after filtration 
should not receive fecal matter, sewage, sewage effluents, or other waste matters in 
such amounts or at such places that the water reaching the intake would be con- 
taminated to the extent that an unreasonable load would be placed upon the filter, 
or in quantities sufficient to produce the conditions referred to in the next para- 
graph. The sewage treatment required to produce this result may vary in efficiency 
according to the distance between the sewer outlet and the water-supply intake, 
the nature of the currents, and other local factors. 

(f) Lakes not used for water supply may receive sewage if discharged in such a 
manner as to be quickly and thoroughly diluted, so that its entrance will not sensibly 
offend decency in the reasonable use of the lake, or interfere with navigation or with 
valuable fish industries. Where this can not be done the sewage should receive such 
treatment before discharge as to bring the effluent within this rule, due regard being 
given to the relative cost of the processes required and the benefits to be derived. 

(g) Harbors and tidal estuaries may receive sewage at such places and in such 
amounts that the discharge does not sensibly offend decency in the reasonable public 
use of the water or cause interference with navigation or with valuable fish or shellfish 
industries. Where this can not be done the sewage should receive such treatment 
before discharge as to bring the effluent within this rule, due regard being given to 
the relative cost of the processes required and the benefits to be derived. 

Norr.—The tenth proposition brings up the very important question as to what 
is a reasonable burden to place upon a water-filtration plant. The data for deciding 
this have not yet been secured. It is recognized that water-filtration plants are not 
infallible and that for this reason the work that they are called upon to do must not 
be too great. Until this fundamental question is settled it will not be possible to 
formulate reasonable standards of purity for streams necessarily used both for sewage 
disposal and for water supply. It is not out of place to here remark that often greater 
economy can be secured by abandoning water supplies from polluted streams than 
by attempting to reduce the pollution to the required extent. The difficulty in 
doing this lies in properly adjusting the cost between the conflicting interests and 
raises some interesting questions of the policy of control that might be properly taken 
up for discussion by another committee of this association. 

(12) Thus while recognizing that the pollution of many rivers and waterways is 
inevitable, and that absolute prevention of pollution is impossible, it is deemed 
imperatively necessary that some control over the discharge of waste matter into 
rivers and waterways be maintained in order that conditions prejudicial to the public 
health and comfort and damage to property may be kept ata minimum. The com- 
mittee heartily indorses, therefore, the movement that is being made to keep the 
pollution of streams within reasonable bounds and not allow our rivers and waterways. 
to become unduly soiled. 

Your committee recommends the adoption by the association of these fundamental 
‘ propositions, believing that they will serve as a basis for the establishment of more 
detailed standards later, and will be helpful to those who at the present time are 
engaged in formulating policies in regard to this matter. 

Your committee also requests that it be allowed to continue its work for another 
year, and that it be given power to confer with the committee on river cleaning 
recently chosen by the section of sanitary engineering of the American Pulbic Health 
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Association, and, if thought desirable, to collaborate with this committee in the 

formulation of a joint report. 
GEORGE C. WHIPPLE. 
A. J. McLaueGuuin. 
Epwarp Bartow. 
GEORGE M. WISNER. 

: H. W. Cuark. 
New York, October 22, 1912. 


TABLE I. 


[Bacteriological laboratory, Iowa State Board of Health, Prof. Henry Albert, director.] 


Sampling point 1, Missouri River, below Sioux City, Iowa. 


Date. Colon bacilli found in— 
Number of 
colonies —_——————- 
inle.¢ 10c. e. eres 0.1 e.c. | 0.01 c. ce. 4 0.001 c. ec. 
duly 2. cere er penn Ae Sonia gne ae ee 45, 000 + + + _ — 
bail Coens Pes ee Oe REE 49, 000 4 + a — _ 
Ac(Morspectmen). 4.5! wigs ere pete Fe peor ake 4 SRE Ae 4 SASS Se ae ee 
ene ea fare RS wR Pe. PANE Oe oe he 4 = — 
Geredacrct: efoota aia atn ctor Nap Na alae ON tee 46, 000 + te =e Sie = 
(Ge Spee nen jg! 20 4, a Shc oe ee ce Vee ates ease oes Senne i ge 
cagaa slat oy aiere aye eters oar iacase tet hohe ore ae 45, 000 + + - + _ 
Dis Seah oat pesos yes Yd. Eat 50, 000 + “ 4- + — 
BO, iS kgs nea See tae TRIN Bp 40, 000 + + 4- + — 
BEA. Ih oe sae ee ae 2 60, 000 + + + a — 
1 Ue SMS eget ANA Raph, ok Wey. oe ae Dee ye a 42, 000 + + + — — 
1 seer ie ene nace ae enn eons spac Bip 38, 000 + + So _ — 
4 (CG SHeGlME a s.00%- Ai Ss ~~ ab2e8 idl. kt e a e e - a) ee a ee ee ee 
ES Pee Ee Bee ee 36, 000 + + + + — 
| Sea ee 3 Se oe DR SS ah SA MR YS ba SF 30, ++ + ++ ob — 
Lape I Soe nee ae aS a 25, 000 + a + _ — 
ISS sees: Ge seeeaheeh see eeen ase: 20, 000 + “f + _ — 
NO eh are we ae e, Ree fen 28, 000 + + + _ _ 
PLEAS BSE Oe OE SC nei eae 40, 000 “+ + ++ _ = 
2d) (AOS POCHIBGH en eco wee sages alle sieemieni ar ole Satiarace aie bene. el > ae ee ee 
DSA e ain Seem Rok cde Aas Sheree, ek... 40, 000 + + ++ ob _ 
oe etal Mires eyes Peet 2 fee | ate 32, 000 + + + _ = 
CL NERC OES. ESAS SA EE oe Senne nS 20, 000 + + + + — 
2S SAR Ae oh RN Oe. i eS i A Pad 21,000 + + + ao _ 
PACS SUN AES Snege es Tee ES y ee pt @ bo hae OS 20, 000 + + ap = 
Deere pita: Ris pcb eeeaee sue gee mtb 28, 000 + + ao _ — 
PSOE ETS RST) MRS OR eee Ce ne Oe Fe, aaa ae: Rte manne: MRM Pia me SS 
Hels AiG SBS SA GR eins ieee eel caer Sa a 40, 000 + oP + — — 
OOP AMone Oats Late ae ae re eee an 28, 000 + + os — 
Shae Gassegast oy eee: ee 20, 000 + oo aa — — 


15) 


TaBLe II. 
[Laboratory, Omaha Department of Health, Prof. Millard Langfeld, bacteriologist.] 


Sampling point 2, Missouri River,|} Sampling point 3, Missouri River, 
Omaha, Nebr., taken above Omaha, Nebr., taken below 
city. city. : 
Date. B. coli in— B. coli in— 
Bacte- Bacte- 
riain ria in ; 
0.1 | 0.01 | 0.001 OMS OL01 205001 
le...) 1e.¢. CLCHwe. Cs Exes Te.e. | Lec. CEC HEC ACal ECC. 
UI ON a eRe iy Siete pe gS Soa 4,000} + + + = | IPO || Se ap — = 
eC UEEKCP ELVIN eer ete ee eee re ale coe | Pe MeN reel ettvare ai cet ols vei cenallleee aye he oeecors 
Bic tatais CREE SSRN spear 3,800} + = — — | 12,200 Ph + + a — 
Hoe Ae Aas Coe, eran Cemetete 3,200} + + — _ 2’ 800 + +o) + _ 
Dein eS SaaS -eeeeee eae 2,600} + + -- _ 3,800 | + + a — 
SE es ey eRe I eS 7,000 | + + — — | 17,000] + + = _ 

i subedaccacsas Zenaaiuoseeinens 7,200} + ig + — | 12,000 | + as ae ++ 
ths Ae DO aes Seer eee Oe ager 3,000} + + ~ — | 15,000} + + ++ — 
COTTON aaa SE aOR As REINS ike eS ORR ere OO | ane, MS a7 a ee A eee Ce eee he 
Sak Sa on hs eer anes eS ere 7,400 | + + _ _ 9,600 | + + + _ 

it See? base Soy, een en eee 4,000} + 4. ao — | 13,600; + + _ _ 
Ter eee eR an RSS 26,600; + + +- 9,200} + + ~ — 
Sees eae Sees nee eee ceeeee 10,400} + + + + -] 18,200); + + + — 
Lee aca Se =) Seattle niet’ a eae 7,000} + + —- — | 18,400} + se ae _ 
1a Aa Eo tat Ae en ae anes eae are oe 3,200 | + + + — 4,200 | + = + - 
0 GSO UIRD GPUVB Vs eee ccc see ce hey | ic ce eta cunt | he AU econ witesal| aN El eS RADI lla eyes Soe so eS oe 
2 oii Seles ene ee, ee ae: eee 6,800 | + + _ — | 10,800; + a + _ 
7 SCE. d BEGe Se Seer Re ae eas eee 2,800 | + + + — 6,000} + ae + — 
LG) S258 ene ee ee ea eee 4,800 | + + + _ 3,300) -+ + + — 
CU ote Bebe eee Seems eee 4,200; + + — = 7,200} + + — — 
Bi ee ae OES e eee eee ets 00) eens + + — S000) ee + ++ _ 
DEE, EY nae SEE lepee eee SRI See DS OOO |e s.28< + = = Ue UUs Semnse + - — 
3 (GSFC 8 52) ee ee a ee Eee a Fareed ee cso | Pm aU a |e Oe gre era eee eo ere eee os 8 = 
gh See ee Rae Seen GOON Eas. c519 gate + = Gj OO08 eee eat oe — 
5 LPL, bee ER eek Sn ase eae a8 2 ONDA Bietaes + = — Bo SOO) |eatsos + + — 
LUG SA os, Sains eae ice cee oe 44005: = =.= se + = Helly esecse + 7 + 
UES S See + ee ee ae See ee TOGO eee se = _ — @)p libata ea a eee 
ee RS SF cit oe Ret a Te Q200F eee + + — + 12,800 |.....- 4- + = 
TAG AE ip es A 8 A Ne, Ro OOO a eer + + =) 116,400 |...2-. + 4 — 
Oe (oA aoe ah eS Seed = cc od | een. ol eee Aw 2 oe RE ree weet lh passietel| eens | era eee 
1 No specimen. 
TaBLe ITT. 
Sampling point 2, above city. Sampling point 3, below city. 
B. coli in— B. coli in— 
ee Bacteria: |= pasa eee Oe Leria: fag eae 
rm esc. OLE 66.01 70001) in ere: , : 0.001 
16.6.) 6 6 c.c. c.¢. Pe Cee esc. Cc. 
Hitt livop lise yee a ees, ren pat) 9,400 Nes 2. a se + 24 AQ0 ME yeaa: qe ae + 
Sy is ot Boa Be 3, 000025 5..5|9 SF + ~ Lec) leh Sene)) ae + + 
ee > nah Ca Stew ieee 7, MO00P ec eso6) = + + 14-400 (0 cn) =P + + 
BANOS POC HAN CEL ere. cae = =o lisse Sesyey or5 aR Pee owes frcvs etal teeta NE on a [ees oleepe eee ore ie | oar) | Ret 
SSeS Se ee: eee, eee NO epee) se + _ 14,300 |......| + + + 
oS EUR Je ete ere ete Sy CU0U ee sera st + — IB GCD eenace| MP + _ 
: IRA Sinn oe lact sere oS a8 oon pein Se Ese oe 1S 3a EN SS ENERO hen ollinna dae lhaneio pS ee ee 
ot Be Aaa Te ae BACON) eases! a5 + 14, 200 |....2.) + + 
: GIONS DOCTNLCM) )txer 6 cere collin, cafey ate tere llores sae osc! Bere eee are re emt Se me lie recrs 72 as-is oa (eco ere ts ekale ee 
ren een acs ee Ze ODE ee cals + = 12 860) |2. cea =F + 
1 She, ee ee eee ee 3, OOO Bh are res= + + — 140005268. + + _ 
10, OR PEs ieee, eerie te Pe SOO Uae aera + _ — AO) Bere nee + _ 

DEST N ie ee Sire ee eee iL SOOE Ss as < + oe a | es See eee (eee me Bem reee| bees Se Malice oe 
ie (CSTE IAN 76) ee ace pe ech FN ee eae hee Se lege er cars gees See | = ae ee nl eeireme esa Ree 
Pees ee ee sere CAL) likes soll Se + — IDF SO0mS al oct + _ 

16 SEP eS tee eae ee eee eh emer GEGOOR ae oe + + | + 1S OUe Eseee- + + _- 
I pe Se celts 2. gs Sas oe Be A MOOG 2 casa + -+ — SECON Ree aoe + ++ — 
USI ME eines, Shas Ae oles cea Be CAU UA oe eee + + _ A GOO Wa cea +- ++ — 
LS ple de Sant! ARS rae ky ence Lie DOOB 22 uci + + + 10200 ae see + 4. = 
Selene ee NS aman ee eee 8,500 |.-----| + + 4,200 |....--| + + = 
a CS GRAY Vero c eo Sein Sat oo Pe rears fo se AEE REE 2] Pie = RRA oe Files qe ale 25.05% Me ei 
Baca Pe te hg oe fee 1K 0/0) tee eel | es + — DO A00 Fee sacl ste ++ — 
23 Se ee eS ee ane OE GOOR 2 a5 + + _ 1D A007 aes = + + + 
Fl Da gee OE Ea Spain ea tae te fis 10.0) 1 eee eee + “fe _ 12. 200Biae ee + + — 
Ps Se A Ne ee I BAO) (ies mies 4+ + — 8 GOON vee ae + —_ 
eee et epee eee See ai eyo AS HOOs aoe. 2 + + = LGSS00U |S essere -+ + — 
RICAN Os GIS SEIINS (OLTS eo oe OASIS akan CIO Eee =| icin = Ee || excl, eel | peer (Ree nel ce | rc nen ere fairer 
28 (Sunday) ee MPa cal ape | a eres oy ea feat PH aaee, wyatel| patatamecokcy anal le evar efelloretal en S. ecatatats | natal cscs 
De ee ns nati ioe nad Sytem eke + + _ WOOT E eee er + 4- -f 
GLUES ee a eae Soe a ele SAO Mee oer + ++ _ er SOOM rseeere +: + _ 
Soller a me ean iied. ee IN oi c= es a va eee + +. -- Ti OO eras + af 
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Tasie IV. 


[University of Nebraska, Department of Bacteriology; Prof. H. H. Waite, Mr. John J. Putnam.} 


Sampling point 4, Platte River above Plattsmouth, sampling 
point 5, Missouri River, below Piattsmouth. 


: Bacteria B. coli in— 
Location. Date. per cubic 
centi- 
meter on 
pear 48 | 0.001 c.c.| 0.01¢.c.| Ole.c. | Le.c. | Weve. 
37.9 @. 
| 
1912. 
Massouri Ravers. ih. sohuc eee June 21 LA A0OR Met cae3 “ eekene reer ety ee ace + + 
Platte Rayer... 4:..28, 285 1S ARR doo.bs fo ee eS Re es Aisa Ss O3e + + 
MassoumiRaver-..\. sce Hose che June 22 EE ROO S| emacs Ae eel ht eie Fe Sl een esas + + 
Pla thorRaviers..esst.c eae)-- Dae as dO. see f 00H 2 Gs Ar Sd. eee ete se + + 
Missouri River a.....)u2s2 ee aoe June 25 LO SOOO SC ea pe ee J 2 Le ede + + 
lst COMhwers she. 22). eee See one GOL SOOO LE Soe eeel Rp emeey hee, 2) lho t igen aah + + 
MiSSOUTT TRAVOr fs. ct ew sete June 26 Bi COO I 5 tes SD ears el. a oa) + + 
Platberiviers cos. .5, Jobo eee ee doses: SOAOOO TE 2 Ses Se RES ds Seallteratots A a + — 
IMASSOURIFECIVOIoe... eee ect eaeee June 27 Te OOO Ss S22 2 Ee pte ge aI ae ee ee + + 
PLCC AVClS 5.5 <6 © sae aaa GO-.5- O52 0) ee ae eae ier | AR i Ro a + + 
Missourian Vel... 2c gsaee June 28 25. QOOSS = (Fs. alee Bee Sas | eee + + 
Platte hiperen cae h aos. aoe cas dOts.ss AS) O)a| | Ns S| Ae Ie anak cee ae a= 
Missouri Rivers... ... . 2s... chest June 29 De COONS Ra Tae ie osc Do Rept + so 
IPASCTOSEGLMOM sec ssc .. e doe. A 200s Eo 35.3. Selec Sees < |e ee + = 
Missouri Raver vince oes nae Jiilive DT OOO 8 Be® 0 Frye eee ct Say Toes <5 Se 
PIA GbOTE IMCL Sm yais oo beer rorsiecs ee es Osaere D2 2O0A| So ce KARR eT et Se Cee a ai 
Missouri tRniVien ers one ite ee July: . 2 Ms OWOM Pet nero alr gee | Ol Ree + + 
PIBRC AR IVER es 2 r5.. be ncaa eet oe Coes se NOLS Cieh op ete AAU aR oral oy, Viera eae + + 
Missouri River. 4... cicewc. c-Si wt July 4 SOOO Steck teal ves.) A218 ae oe ee + => 
Plabtew LV Orso aio kr eee Onccke 9, 500). See ORME AE «B05 ale Re re = 25 
Missouri Boveri oo adoss once ak ek July 5 OOS Ite wees Secrest win A et + = 
PIR dy Ot saint 2555 cca soot Ob s<h:- 3; OOO she ee eee eke Siar ale iarecicicns Bie ats 
MissouritaRive: so... h cnn cs ee eae July- 6 14, 000 — - oo a == 
PAR TLOSLVORS. 95 5s 215 clea ae Ouse 10, 000 — — _ + 4 
MISSOUTIORCIVIOR 322s Oe oe ee July 9 73, 200 —~ + + + + 
Plat POsh RLV Choc 525.5. ease sea alaoe OLsee 65, 000 = _ — + ae 
Missounl River. odd acco eee July 10} 113,600 — _ + + + 
Ta HUOWEOIN Ole teec ono ese a oer cera Osess 25, _ —_ + + + 
MissouriuRiver sea... cence Stily: td Q) — + + = + 
PlathesRiver mses sewa cece lee Onsen () — _ + + a 
MissOumi UlVviers f- es ae eis eee July 12 74, 000 = + + + + 
Ld aL A i ee eo ENR oO 77, 000 — + + + + 
Missouri Rivet... ....caq< cbic.t << July 13 25, 000 _ — + + 4- 
PISO RIVGl oo atic: wckacael sae GOs sa- 35, 000 — + + -- + 
MassoumRihver a... a.scccce cee July 15 80, 000 = = =f + 4 
PADD bOMEUIVeRS Ao. = oo NS ee eee es Oem: 27, 000 — a a + + 
Missouri River... 1... ies sees oad July 16 75, 000 _ — + + + 
Platte Rivers. jc -s.cs sc. sleasee loc: Ogres 58, 000 ss fe = = ah 
MASSOUMICMVelemis ch ease uments July 17} 625,000 _ - + + = 
PlAblOUR Went. feosces case cee so COE oase 225, 000 _ _ + + » ok 
MASSOUTMEVIVICI. foc ocak a cceene ee July 18 {| 248, 000 _ + + ++ -}. 
Pla tleukdVverecawcons sac ncee ees leas Ose 153. 000 = os ek ails =k 
MissouiiRivers=..c.2s2sc.ee0 July 19} 125,000 _ + + + + 
PISbleaEVI Vers. < 285 uae eee ae eR 0 KONE 80, 000 _ _ + + + 
MissoumRiver.~c/de22nc ccc July 20] 260.000 + + + oP + 
PlATIORVIVeDst . oecasssccce ones lace dor ss... 3, 000 ~ — + + + 
Missoutt- River's < o-ccs ss5.5 20 coe July 22} 200,000 _ + oe = te 
Platte Buivers: oto oceteinn foes te One 14, 500 _ — = = ae 
Missourn River.02 o.jceveccs cee July 23 76, 000 _ _ + + + 
Plate aviver-2.<sacaaaeaseae ulead dO. 22... 2, 500 _ + ee ae fhe 
Missouri Rivers osceessokSaans July 24 38, 000 _ — of + ob 
Platiekaverk ecnnyscestsacce mephas dOssce 1, 000 _ _ — — + 
MNSSOUPERAVERS a: jesse = Se ceeae July 26 40, 000 _ + + + 4. 
Platte Miverst 25s eee once fee Gog sae 1, 200 _ — = + = 
Missoumid! Reivers ss oss ceee = July 27 60, 000 — + ate ae ete 
Platte Wivele soosbs yew dander eles: 0. 3, 700 _ — -b + caer © 
MissOunicivier oe. tavanne sane July 29 45, 000 — a 4: + + 
Pla tieiviers: a: obs. sg aeeeele es Ouveae 3, 700 _ — + + + 
Miissolminkviier sseyas sass eee July 30] 115,000 = = =f =e ai 
Pitta River... oa aehesaciee es Mess @ossees 12, 400 — — + 4 + 
Missouri. River .tc< Jodsa ot cee July 31 35, 000 — + + = | b 
Plavieaivier <.. Use. saa setae Osceec 24, 000 — — + + | + 


1 Spreaders 


Tape Vv 
[Laboratory of Board of Health, St. Joseph, Mo., Dr. E. A. Logan, bacteriologist.] 
Sampling point 6, Missouri River, above the city. 
Total B. coli in— 
Date. poe 
ie 
cubic 
centi- | 10c.c.| le.c. | 0.1¢.¢. |0.01 c.c. ae sc Sige 
meter . . Ue » &. 
MMPI aN Sone = 5s out pin se a 3, 200 + — = =. ~ Se a 
ee epee ee ee Cn 15) ea + + = = = Le 
lh CRRA ae ees ose ae 7, 200 os + + as 2 BS bie 
Ea fee ee ee 1,900; + + + = = = an 
i, EN ae Sea eS Aor ee 6,700} + + =. + = ss bs 
We goa - oech see Sgr op ea 3,000 | + + + = = ae = 
[oe a eR ai Tih ac ee Coles Sele ee 2, 100 ae = af abs a 2 ae 
cs Ee eRe RS pees eens Fe 50,000} + - os: + = me = 
Bee ae ee 22 So in SF S- 8, + - + — = = = 
Mss Pete een een: 10,000} + + ao + = = si 
18._.-...------- +--+ +--+ -2+++---- 82,000} + ats + ao + + ae 
eR eS Sena a eee eee 7,000} + + + ae i ee a 
Tie ee en ee Re eRe EE eae 4, 200 + + +. ~ — - — 
oe Ce a erg ge ee eae Be 12,000 |, + + se Be = i a 
Bee ee ae ee ae 30,000} + + + + oe = = 
I ee he nae eee ae 7,200 | + + + “a & a 
go Ee eee ae ee 20,000} + a 4 “ x as & 
21 BRO oes ees eee 15,000} + + + He = 2 a 
ROME, SOMERS EX ee 2,300} + + a 4 re = = 
Ver, eee Sema tey aee 400; + + + = ee Z as 
1 NM aneae eB a Bea are ar are 380 - + _ =: = ae see 
i ey ee ee ee ee Seer ee 2,000) + + + = as aa - 
5 ee a ee ee 900} + ee ae: ms - = os 
Ne de oie cee el ean 17,000} + + ae 4. a ai 2 
Def PERRYS 2 Satins one 23,800] + + ER ee Ls ae at 
Ci ae OD te ey Tiree 5,000} + + zs ae ae ps = 
5 Re eT eee eo ae 16, 0u0 + + + ae = a = 
PONE Se SOE, x rR chaste oid 2 3 7, 0vO — ae Ss “= me SF EA 
Ue: Cee wy See rae eee eee eee 3,000) | =F + — — = = es 
(EE AS ee ee nee 9,000 | + - — = = ae as 
eds ho gah ater er ee Hes a ie wee tB2 2 30,700 | -F + = ley oes ae xe 
CL Late, PE NOae Air Sper ere 17,500 | + = 4 se iS as mA 
ee a ee 9,800; + = + = = = sn 
eases gee eas oe 1,600} + + + a ve = = 
| 2S, SECURADRIES SIR Seat Be een: Senet nee 1, 400 + os a8 ae = = ies 
rae a ny gee ae 2 46,800} + + +. + a = ia 
LS Se ee ee ee iw aren eee 13,000} + £ 4 4. = =s as 
Dee oe EE arn eee <2 34,000} + + + te 4 = = 
ee ee eee oe 14,000} + + + os = — Ss 
BP ps an etn ee 1,400} + + 4. = on eth Ea 
os ae AS re 5,000} + + + ie ae zs en 
19...... ace OE ee Cetra eee a 14,200 |; + + + eS Be Ae = 
| eee ee ee Bee ee 700| + + + = = = 6 
DN erg ath a ne ods eA ee 18,200) + oo 2 + = = as 
EM ie Te es Pe Ae agli i> a = 4 + +. = a2 ae a5 es 
SS) Se metae, Sop eae mee tara WEEN aoe: 3,200} + + + = = = fe 
21S CE, Ce eae ee 500020 ae + + — = 2 a 
73 3 BOO seers hem ee ee ee 2,500 + + + — is as -_ 
2S SSD ar Oe SN eee 13,000} + = + == “ - = 
1 2 ain aie CS See Seemann Lae 12,000| + fe + Bes is = a 
FB IS ot Geers EMBERS 8,000} + 4 = = by = ae 
Cie ette Ms ene aay ees 5,400; + + + = a res = 
BO eee En lmeahre opera sree tern oet 9, 100 + + an awe = we = 
Be ee rr te aa Sie 6, 200 + ae me a = pe = 
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Taste. Vie 


Missouri River, at St. Joseph, Mo. (Grand Island 
Bridge). 


Sampling point 7, 


B. coli in— 


Date. 


Total 
count 


2 0.00001 


c. 


0.001 


Cc. 


c..c./0.0Le. 7 


(enc: 


10 ¢. ¢c. 


Cc. €. 


Cc. 


Mei 
ae 
2| 
mits 


Be ie Mee BG eh ah Re Ow I ee A Ar a Bt cnet Sa i a 
fA TIER UAL AE bolt ASD se TAS RA I Yoh Naked VEAL Gta ah gal tPA ttl gieaiet ie dated meat 
A AG Nich ica dias Auto ree Sh We cath a a ee 
Bd les eens eetae oat yee en eee 
SHEE EFEEEEFEEHEEEEFHE LEEFE EEE LEELA HEHE EEF HATH ++++HH + 


FAEEEEEAEEEEFEEEEEEFEEEEEEEEPEF FE EEEF FE EHEE HEE EEE E HH HHF 


FHEEEFEEEFEEEFEEEFEAEEEEFHEEEFEEEFEEEF EEE FE FE EEA + HET E THEFT 


S = 2 e329 ra) 

FB eS SS Fee So SS SS SSS SSSsessssss 

ASH NDAA 
REAR ERA oivtooig tos itesad WAATAANS NIAMS Seto gesseneceegieaea 
oe See Toi) GE a Rae DERE ie irre ew ae Me Re a RP Ae te nea ees ails Vanarer inc THY mente k ets ch tweh eratla Maa cam nc 
Raa Mee mn ee eg Se la a a Cee re eee I ee ene Se PR ge shetty eh a so Sth cqomol Romer nto” soca A 
ee eet Or a ir , ’ ‘ ' ‘ ‘ ' ‘ ’ ’ ' ' . ‘ ' ‘ ‘ ‘ ’ ’ ‘ ‘ ’ ’ . ’ . ’ ’ ‘ ‘ ' ' ‘ . ' ‘ . ‘ . ’ ‘ ' ’ ’ . ‘ . 
fe verte <b Of. ve Oe Jee? wel, pao 8) ee Mee) Oe te ee ely “On 4). Bieta ie) ee a ewer IR: ‘ ' ‘ } ‘ ' ' . ' ‘ ‘ e . c7 ’ . 
Mase ian AM TM la it oat Sat Thema Roy 1 Mit ls rent Tae Ca Sa (Ye Neue! ta et Lama a CS otis isla lagen . Dia oon a ‘ iam oe eae fe ie, ee dee SI race Yi 
CR MO, 5 18) ae . ‘ ’ . ’ ’ . ‘ . ’ ' ‘ ' ¢ ' U ’ ’ ’ oJ ' . . ' ‘ ’ ' ' . ' ‘ ’ ’ . * ° . * 
DRASOANGDADSNRABDSOHAGHASOSRWDLSHAD HO SROBDSHOHAMHSDSROBSOHANDHIDOR OAS 
SIMRAN ANAND a; SSS SHA NNNANNNANAM OO 

© 

q ne 

S S 
5 rag 


og 


TasBLeE VII. 


Sampling point 8, Missouri slat St. Joseph, Mo. (below packing 
plants). 


Date. Total 
count per 
cubic cen- 

timeter. 
ROM GME Re ene eee eee oe ore 80, 000 
ne eT A Bak, RAS 111, 000 
TO ee eae Me Sy cP ee Rene Oh 54, 000 
Ne = ara rhe oe WE A ens pe 65, 200 
Se et a Ne ee 50, 000 
1c) ele ee, rey, cee mae OP © 380, 000 
[EE 2s ee hs gee EES Seas, Gee Ge 54, 000 
RES. I a ae oe eR SO Se Capea AE 36, 600 
Gs SOR eae eee ee See Seen We 44, 000 
ANG) A Sh alae PN NE ne Ge SS A ot 16, 000 
TCs ee A See agian Yee, Doren 87, 650 
TL Cee ag SS x Ree che Sl a eS 9, 300 
DAV ee Nea eae eee Spee Sune ioe 33, 000 
TN I 8 Sp GO GA aed oe oe tO ye 19, 900 
De SUES Seah Pare Wes See teers & 33, 500 
DS ol pee, SON ee ee See 84, 000 
Opies ee ee, Eee eter, Senge Sirs © 50, 000 
Ope <2 kde at Be AES | 36, 000 
OS ak ec Ne ae es SARA Ce 100, 000 
i(k SERA SR OES PES So ee Se 8, 800 
eee Ane Oe SRA RE gt ie f0, 700 
Os st HIER oe ey he 43 Metals Aa 86, 000 
Oa) eed ee Ca. oe RE nS 14, 000 
PRELUN, S ehs Seria, Bice Bae 5 EP ace (4. 56, 000 
DOE AE! SR Tee ee eae Se ey 100, 000 
RRL Ea sia rd eh ee el # OO oS oe ae 30, 000 
A eet Lees Veet: SESS rps. E 220, 000 
Pye batt RN 9 Wa ie | we | Beets ome. Rew 40, 000 
Gate ee ee cee oe ks 300, 000 
Vics aaghghe tg ea: mete eee, Sane aeaeaee 14, 000 
Sire Be Py ase ag es ee 96, 000 
ee ta aE eer Soe ee one Ie 1,700 
(eee ee ant ere Pda et oe 30, 000 
Tak <a 3 Rete ede tne Mage, ple tg eee nett 40, 000 
Rn hie ke LRA yD tLe 84, 000 
1 Sieben Co oe oe ee ee ene oe 126, 000 
1 SEE lene, Ve eek ae, a ay et 8 94, 000 
oy AS em er en pe eee Sa ore 30, 000 
L(G Eee A ee (oo ee eee oe 20, 000 
ie eae ee ee ae Ned 14, 000 
epee ta Ce ge cs eS 11, 000 
1D ics Be Rate aMieies Pacaeres Ale iret 20, 000 
FAQ Ss AEN Rae aN ie ede Oe Lie ee ie 9,600 
Sing ie “aaa ey eat eee ef 25, 000 
A sgt a iy 30, 000 
PGS om ale ee hy Re eee tee Min ee cine 50, 000 
Fie Da). SEN PE Mies SUE neediest 30, 000 
Ch ce Dee len, ea Rear Re he ERIN? 18, 000 
DRO SE ees pee RE Segeee MOE Os oe 14, 500 
Tiki. hee CRN aaah Sean Sb TLee ae eas 22, 000 

PASS Be GE Bet SR IIE EOS ee Spoiled 
TA: Bone AOR, uncle Suet RRR eee 28 30, 000 
GNC Ss 2 Se AE eee ee ae tee 54, 000 


NOG. 


CHC: 


B. coli in— 


Olveve? 10:01 Gc. ec: 


0.001 
c. Cc. 


0.0001 | 0.00001 


Cc. Cc. 


c.c. 


$+ EEEEEEEFAFEFEFELFEF FF FFFFAEEE FFF FFP PE HH +t ttt ttt 


FE EEEEEEEEEEEEE FEE F FFE FFF F FFE EE 444444444 ¢¢4¢4¢4¢4 4444444 


FEE EEEELEFEFEFEEEFEFFEEEEPEEF FF EFFEEE EHF EHH 4444444444 


PEt ++Ettttttt+t++44+4tttttttt+t+t++4+4+4444 


dees ceahk poe dl eben 


++++4+4+4+4+4+4+4+4+444+4 1441 14444444 


4H44+44h444+44 1 1444444444 1444 


PEEP HEEL HH EL PERE IAL SHEE PE tHEL b+ PL 4++te4s4 td 4404444 


Paces tole ser ee er eee tek doo Sse ia Wah aaa bei ale de bar de Rel hi 


60 
TaBLe VIII. 


[Kansas State Board of Health Water and Sewage Laboratory University of Kansas, Lawrence, Kans. 


- Mr. Sherwood, Miss M. Greenfield. ] 
Sampling points 9 and 10, Atchison, Kans. 
. coli in— 
Date. 2 
Source.! | Bacteria. Paee cid ; 
IDGaGaip Lee, VOLe lcs O0Le7c aes 
G = + FP SS 
SOE Ee ne EON Ay A.C.. 50, 000 CMSs, Sets = 
pune Acid eol.. vs + + 25 AA 4 
Bape acct comes ae BOs: 457,000 | Gas......- a rs + ee ic 
Acid col... + + ¢ cs pea ogee Be 
Adio ce where Pe Badbes Seas ge CA Sie a: O0F|'Gas. 4-2 = = on = i 
Acid col.- Os ToS toes | meals SR eed 2 eng eres 
SS os oR Bie pe Aes 32,900 TGag. 3. OMe Cs 2 + + = ae 
PSC GUKG W610) (eal | oe 4- + AU eae — 
1 Sia pee Beers beth nate, Ae By Ce22 2338, OOO WiGeSs = sees ee + + + Se 
INCTAVC Ole. ao — + 
12s SE pn, Pies 8 at es A Par CoSs 7 10;000)) Gass 2. S252 Bie neice es ie _ Ss |p eee ee 
Acid col... ae TES Feel 2 te ck aan aoe ee ee 
1 BS eta ye aie Soren, eae Se Asc. 1G Q00 RIE GASES. ee aleeees <a + + oo — 
IAGIGECOLE bee ae + + ao eee. 
ee oS eos Sr Berges moe BEC sofa) 26; 400i Gas .o meee eee oa “+ + —_ — 
ACIGCOL BILE. a2 + a a Soe ee 
HER Nag a eae. OAS, RRR Oe et CaS AQO Gas: adaeee -- _ _ eek ee ee 
Acid col... | | ER se ae esl | eee eal |. has 
erence oie eee yal Ce TOF5O0 WEGESe oc eas see ak he = = 
NCICCOlMZIRKeee oses — _ Fe Sa 
s Rolin S ieee: SAO: See aN. fate ori ip. Gre: 20 000 Gas... So Saleees ose + + == = 
NGL COle lees 42 + + est Pc ee 
oN gy 9, = ie ee, ma Mays cae CSiea 200 Se | | a + + Eee See cs 
ACid COL eiRa ke sc: + + Sho fee. So 
LC ARE cee Se te tine hee Aga Ree 8 SOO GAS. A> 5 eet een. ae + + 4 _ 
ACI Col Sali as =f a = Srl ee Set ae 
LOBOS ete et ee See Be. Clee TS tO00 Gas sparta = im + = a a 
ACH COL ala... - + + -- + 
Owe ears ee Sie eS Ci Sacee 290 Gas + + Spa Be ASS a 
Acid col... + + + ac renee 
DOR aoa conte nooks pen Orage as 1 S200) Gass esse ee + of + — 
AGid: cole te. = + ob Se ee 
1 a tee ee eaPieet, ae ae BS Ceae- GFI000 |i Gass coco ene + + + —_ 
a COLI ae oe + + een Ee 
Ds ae Re ss ae en ae VE CSS ore AS Gas. + — Se se 
hed col... + abet ae ee, He 2S Sb ee eae oc 
2 ere ee PE GE OLE URN Cie 80000. Gas. <5 5 ene ee =f ate = 
NCE: Col 2s |e =. Je + + oS Pee. pa 
Deis Ae Seba s atacas See BACE os 82000: Gas. see 5 ae = Hp = 
ACId COlAvite*. A=. + ok Fees Cee 
DS ES OTRAS Ee CHSs: ae 60 |e Gasy _- 2252 = a = 2k Seek 9 St 
ACTA: Col SAE et 25. Five aan aa eS ee ee eal eee 
Diese ciselcsokhe siete sicek eas A LZSS300 4h Gast 2 baer oS ate ale + a 
et Cole b + + re pean eo ane 
7s A Ny a ey Pe B : 1OZ000 |) Gas. << Sass. a oe a = 
Aga Coles ie |. 2s + op Sieg ee Sees 
70 ok AN UE, ENS Se OSes LION Gase oes ate ate | ee eee 
Acid col... — + tet ihe BRE 
DF ae oe eee en cane See ge AC. a2. 12 BO0ciNGast oi melhere — te =f: ae ae = 
cid col ase. + + a oe ae (ee a 
DAD caer ete eae ees Neton yet 1B Oe ee 6,400 ik Gos: 22 Saat ae aE ae as 
ACA COL ee 4 + 4- Seg (Oh See 
Dee Hae cae ee eee roe CAS ee: 120" Gas. = ae ae = Esa |e Sate 
Acid col... + Se (ea one | i 
26en.celeteseaee ae eae peal CR 25300) | Gas. alle ee Aa a a + 
ACIMCOleel Ss. ceske + + + 4. 
Pn wien ats welts on sia BxG2ce. 4; 000) 4 ‘Gage. i leteoncke a, as A aa 
— COMB sires ee + + | + ah 
Dives cise ra ee eee Casir.: L207 KG@aee cee a nen | Ee We, See ees 
Acid col... ot eM See i Perce Tg Nee Me coy oS 2 
| eR eee ee ee ASG. none eye ee he ge age a 
Keidkeolesste et cose So = eee |e a -+ 
Dil arc Uaaceaon rs CBee Cee Bac 8, 000 GSAT Ph Gee | | ag tie + 4. a = 
ae Colsaliesce + + Fen (Soeesee 
Dice eee ASC OEE ELE C8 2OnIN@as soo ue - ws) See, conse atta 
Acid Col.s.|- ate Saale ei ree mes tern t cahd) | ome er 
WBjcielehepeiei si Nea pelea sae A.C SSAOO we Giagiteen ech eee ae Se Se i 
ee Cole. cece + + Shan see ae he 
DS ere eyelets Soa Bi Ces os Ts MOO Glagoae tea lhck eheee ae a a5 ae, 
Acid Col: sicwee hee + sta Te Soo a eet cae ee 


1A.C. signifies above the oe B. C. signifies below the city; and C. S. is the city water supply. 
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TasBLeE VJ1I—Continued. 


Sampling points 9 and 10, Atchison, Kans. 


i eee 
Bate. 3. coli in 


Source. | Bacteria. poe Speight ashe atts aaa 


HOLeLea ese. Osc rC. 1 O0lic. ic: 


| ++1+ 


b> 

O.2 

Qu 

ie) 

e 
[++++++ 
|++++ 


140 | G@asiis.... Se 
Acid col... + 
G 


Ww 
HY 
So 
(=) 
j=) 

. 
|++4++ 
|++++ 
| ++++ 


4+ 


|t+++ 


++ 


199 OOO Caste se fis cet 
143,000 | “Gaerae: .|o52<tes 
390 | Gas....-..- 
S5s0005 "Gas -sc. N22 2 
Mer Gol. s pees 22 — 
IZ6NOUONIM Gass os- b= 2 5e6. 
Aeideol...)..sac 25: 
2 SOOh | Gases sa. 2 


25, 0004 Gaie 6 iL s.e. 


| tttttt++++++444t 


| ttt++4+4+4+4+4 
LEE iL +++4+444 


++ 


3S OOONE GaSep aes males ieee 
SOUNIGaSe ten. 
35, 000 


bb 
| ++++ 


Lo ees Ce 7 ee eae 


a 
INCUOIC OMe 
AS OOUMP GASES sss sac |ecce 2-2 


DSF GAGs 28.2 


++ 


18,400 | Gas.....- | eae 


[+tt+++++ 144444 


Spreadet:) Gas. 3 << 2... 2.25 
INCIGsCOLS c| ce eee 
S00 Gass 222 
Acidkeol. scl) 4 
2O- FOO Gass yee se oc 


30,000 | Gas 
300 | Gas 


++ 


[++4+4+ 


++ 


++ 


23 OOOMM GAS weerse Nees 
ANei@eole A ce 
G 


Oy Aue sea Le epspieat | Rye ca 
1 Bottle empty. 


EAE EEEE EEE HEE E EEE EET HEFEEE HE EH EHH ttt eet 


FEEEEFEF EE EE FEE EEE EE +H+Ht Ht 
|++++ 


62 


TaBLE VI1I—Continued. 


Sampling points 9 and 10, Atchison, Kans. 


B. coli in— 


Date. : 
Source. | Bacteria. ae ae 0.001 
: 10i¢. c} Le. ec... |0A.creF 10:01 cae: a z 
Pg a ty eee meek Oeientet ae 5. OSs 15300 | "G08 oo sacs) aasiey se + + + = 
OAC GCO ES esc + ao - - 
Se Ap alee eh ee BBs Cx. e, Uae by OOO WES ee Soe cle ee Be + + + + 
a Acideola loo. aseee + > — -- 
Ai Se BR abe noes Caer C: Se.2. 1,100 |) Gas. .....- + + + «ode Ee 
Acid col... + + ae Eset See eee 
Ghee Bie eke Oe eee AIC aa 15,0004: Gate. 22-5.) cejoe te + + + — 
Acid cols |.......- -+ + S pene eae 
GE Narsitcre ace ees ae pS Cx ee 10, OGON Gast 3 oi} o..o25- + | se ae = 
ACIDGCOls Ne wesceee + + ss Wiles ee 
GR a he BS er ee @ Swe 1}. JOM aS s..s5¢ + + + Sup leencetse 
Acid col... -h + ae nee ae 
i: See Sa Sa ie BATE Le omy geri 
CY ates Aen age pee gira BC... TAO G, GAB... 2 36|ton seas + = + _ 
ACIGCOL. 5.1. -< te: + ao ete Sieh 
fay Pesta Mee fw SES pd Obs baa 700}. Gas. .- . 0. + _ _ =>) |s3a5sne. 
Acid col... See A Pee 3 Roca tee lo Nee sees ee ee 
RE See ee ee rere NOR x (2) ‘ 
BS, ett. s dessins bes cope B.C....| . 26,000] Gas. ......]....-.- + + = 
AGIG(COl2 a |b co. <e sce + + a bere ce 
1: On ae ee ees ere Cae oe. 1,100°} Gas. =35. .. + + — eer auaian 
Acid col... + Se | I | eee eed, ee 
DD caren x59 s sithowsels Smaiter As C2. 12, OOO Gases. c2-)e cave Ze + + = _ 
NCIOICOM See. ee + + cS aS (es ee 
OE ek mee ey Neen ee BO. a 20 OORT aie tee 3 Moco + a oe a 
ACIGCOl: J lesa ce + + + SS Ae 
10 ae Ae Ree eS eee Cen s5e Broken 
| ee ae arte kale He ASC lca > SRRORION CRs. ota... 4. + + + + 
MCMUCOL LE joo + + + a 
Vi Meee Soest opera ela Sega B. O25 Ovi Gate 2. sue. - = + + + - 
Weidicols. |e .chs ee + + cs et | cma, Oar) 
Deere errs Nae Se ye ee CAS eee ESO Gass. 2-5 + + _ SS oe 
Acid col... + ate Oise eee ee one eee 
So SI a, Dee eae Se ee Oe 16,200HGas= £212 + + + — 
IX CHELCOIS eoseret + + See el RE oes 
SS BPO ee Oe Ee Bac 3 
Pee oe ee ee ee § Gusus 1, 400 G80. 2-128 + + ad eee 
Acid col... + + A een ers es 
Se ee Oe, ees eee A.C 84, 000 Seabee. cbeconcces 4 + = aa 
OG CO eae. 2 55 + + + + 
y=, Mle We, Smear Oe B.C PUM ARE Caen | eee + + + + 
INCIOCO Looe wd + 4 + + 
BOL Gt obiatna Ste ae BCE ae Cie se G20M Gases ese a. + + _ mat AS a octave 
Acid col... + = (ee eee. | RNR 
Apo oe nd winds <ciak mena Bees Cg OOONE GRE 22822 [won x oar + + + = 
PURPAGICE Cole 21 Soest + + A Se eee 
2 Digger ne Oe eas Sees. BiCen (3) 
DL a ak PE ENE BR ARR CoSee se 520 aS. Je cks + + + =~ “lssmasoce 
Acid col... + + Soe) ee ne | racer eee 
OS) Bets terhe SIS MESH ears A.C 17,600 OS oss Sea a. oa + 4. 
RCUCO San ce ee + + + ~ 
2. RR ORNS ets ree BO... Sais, Se Oma seal eed + = - o 
AGIicOlsssl toc 2 =e ae fer « 
OL ee eee ee Ore CSS: 800) G53 52 4+ 4 a aes Tee 
Acid col... + ae — stn Uo Sang 
BOs oo cionsceecedewte new -ma| 2 Ges We SOO) Gas. 2s te... + + + _ 
A Grareok: 2) 5. c.2 3s a. =f chee = ARES eS 
2) Wie. See Cee ees Peer BoC... re a (a a + + + _ 
AGIRCOL Ne. ee + + Shan © nly ok 
DS SES EEE A ey SRE GISsb 770 ase + + + as as SE 
Acid col... + Se Fe ee | ee Me ea 
LE in FRSA Se CS eat A 79, 000 ES (eee a7 oo _ _ 
ACHECOL. 2262 38 = Sta ale ee Seer ee 
Bits cS ee ck eee B. Co. .1) - 655008 eS ee eae + on _~ _ 
ACHE COL ol eee +4 = telllve. Ste See ae eae 
DEAE AES ES A CPR Wt CoSise=: 800 OSE eet ao + — ame (eb, ae 
Acid col... + sfc: Dah steers 5 ihe Ase SUK eee 
ee geen Meri Sie seme AEs. Ty OOOW Gas. 0. Leo. oe + + a — 
Acid Cok. .1...42542 + + Se pets cee 
Wks 2 bis, sg as eee cee B.C. 8, 600 Be Las aR eo cars ss + - + _ 
Acid Cole ot 2.0 seth neste tee: ate ieee a aa 
BOBS Shes ee ee ChiSiaee 170 [sie |e homes ae se a nt | eee 
Acid col... + Em Pr aes Se ee Pe eee 
Sle SRR Ae Sule oe mags A.C 11,000 Taf a eee fe tena = oes ae =f ae = 
Aeiteol.. .|::.6 + + salah |e 
SAPNA RP Orem een a 1B eR Gis (3) 
ye ae Pe ee eRe CS ote seltersceeeee Gas. 222 + aS + = alice (insane 
Acid col... + +  ragrey Late, eat ny |e a ean 


1 Sample broken. 2 Sample bottle broken. 3 Bottle broken. 
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Taste 1X. 


[Kansas State Board of Health, Water and Sewage Laboratory, University of Kansas, Lawrence, Kans., 


: Mr. Sherwood, Miss M. Greenfield. ] 
Sampling points 11 and 12, Leavenworth, Kans. 
| 
tok | B. coli in— j 
Source.! | Bacteria. a: | | 
| Oe OE Weg. | Le: ¢. | 0.1/0.0. G01 c.c.) 9° 
ES Spe cae eee So eles 5 ae 6,400 | Gas. .._..- + + + a | ares 
Acid col... a8 + Soar i PreaoaNe Se amrowlee 
i A ee eee ) BO pe 1p O0O4 Gas - 2... .: + + + + 5 
Acid col... ae ee eee de 4 
(ee ee, Se gee ae Gaur ee a eet cops Lie SE ee ae ona We Cay ee I cre, EN a 3 BE tT Cn ee 
UY Beads es See te Ci Ped oer 14004 Gases: /. “+ <= + te ae 
Acid col...} . + Sr ite ale + ae 
“1 ual ema 2 Sega es Be Cscta} |-100,0004= Gass: ><... + + | + _ ~ 
Acid col... =e - TOM Safed Sets si hauerten Mey 2 
ee ME eer AY mags ALORS SUES wl Me |) Sea | Se ge Re Oe, ae ey ee ey NL Ink amen 
Fite as Oy De ya OMe SOON AG aS ces <5 3 = + ae =e + 
Acid col + 7 +. + a 
ee ee ee ee BOC. 2) TOON Gas |: + + + + a 
Acid col... + ss ae SIRS, plese es 
TG coe et il ee ge (ESE 55h 5Ou Gas. 2.2.2. = — _ _ _ 
JASON | GE Rees] (Semana IE Rave aes eee seam | eer UME. 3 ean 
IgE al Wi sa ae Re Ari Oasa$ 16,400 | Gas....-.-- + + — + — 
Acid col... oP. te + Src Seer re 
LEU is ho een ae ee BC... <2|4--127OU FGas S72. - + Ss os = = 
Acid col.. + “ tes ee a ee ee 
EA eee Rin yin Sd (ONS eee 340 GS eae = = {= — _ 
OMEPCON) | 0258s 5 Phen == 5 4 Nea eee sib a Ae oe ae 
peta Pe era a ae Ui Nat Olek Bn GRA0OR GAS Ss 92. 3 ao2 ae 5 a == = er 
Acid'col...). 25... See ee Ao ara ae a 
oe ee ee Ba@s...)) SOO et... see + | + | + me 
NCTE CONS oo S550 2 3p +f + Eon a ie PR 
Gee eee Sees Le ere we CeSeeks. 1SOQOR AG ASE< =. = _— _ =a ilies 2 eee | eae 
PN CVANC Os os ck hop WO ee © ool sesee ele ecto Eee 
Lf aie cape a 8 Ud Ons FSROOONEG ES ree clas See + + == — 
IACI CONS. lacs 54+ a + Sy Me glare eee 
12. ai Aaa ee, Be Cas...) -1:52,000 Spry os oes eee ae =F ate oa 
ICICI COs. | aa soe + + al AY ae 
1 OS ea ee CsSacs a: TSS Gasie. 4... SE = — 2 Racecar 
Acid col... = Eat Renee es [haa oem alle eee eee la Sue ee Loe 
[Sa ne SO ieee ee a Ari. .cl30s DOOM Gastres..:|sinscees + + + _ 
: NCIC: COleals4- 52 ose - + Ba ee hE aerate 
ES ent ee lire 7. ae BoC 22-2) 7. 160,000 gers oe ola ee + + + — 
AGICCOlLe 452012228. - + aS ee ae 
pects See. oie hs ae GEStes 50 ONS eae eee = = — aos Oars 
| eres ES aa (Ce art ees eet 
1 fo ea a ae ae eee es ASO coca 620,008 SiG oe saa ae ree a == ais = 
4 ACICICOl Selaues use + + aes |e ere ee 
LO er ane en See ee BCs. Vo, 8, OOO GAS 2 Soles Ls with: + ae “= — 
ENGIE COlSs: lo at 24 2h a a i ap eee es 
POW comer AB set bs ec te GiSee.. = SOsilGase =.=... == = = Sapa Mey eee 
BACT NC Ol Slee = pep seis a ces eel eae, tke |b, Sl re rare ree 
Ee i rs Ms, ee ae Cue. 12, O0G@uniGastn 2: 12. 2203). ae. epee + = 
| UCM COl th iste. 2: Tes Mek ss +e 
70s ook, See ae oS ay Sec 13, 60@pieGane =. 22 Sais ee | la ate 
| Aid COl...cte2-.< +: Ne gam ee + +- 
9) a, Sine Anges, See eee Cr S252> 15sGastese=.- ot Pe Be ul See ae 
BCTOTCOY ss noe came HIE ters oe = = ess sort oer eke err Ceres 
VE Seg EY aie RS Yet ee | Be Co xo GHA p ky UM ee NE od. + | + + — 
Neid Col. .s)2-2.0. 22: oe = = 21 gf a ea 
GE eM ater a Pe So bee Bo. lg. LS nae oY Wir ter he oe “- = 
POAT COI, 222. sae ae ay ae | aie 
J Pa ee eee eS Crt Uke 12 [is eed a en Ao Ps lee, ae 
Noid Colbeale 2520. lo lot eced Pe al ence mett ye 2))|- pee eee 
CH ARS Soe a ES REO SFE 2 SIAR ee 5218s Se } oh - ao — 
NCIC! COME. oes. s | + + cil. oat (Ri orn we PRES 
De ee Mee a BuCse 15, OOQns Made oh ee = ee ere ae =P 
Acid ecoly..|Se22 2. - a + + _ 
1) at Se ween ne po eee 8 Cr Sis AOR Gasti kis. = = — el ene eee 
NGG Coles | Ee ecck le cae hee farere SS hela |nle Pa em elle lnnara dai 
Cte Ae ate Se oe Ce. 9, ONG AS 7 w/o. Nek iS galt ets sh a 
Nid: colar) 04: - pote a ale (eee) eee 
EGR pat MS EE A eee (Pile Se 2 Ra Pn ee ae ae a 
AIO COL oe ee a a ie he | Sapettae 
U1 Meat Sage CRREN aR Daa ChiSp sae Jovi Gas 22 .. — Paey eee =O: Sean 
INGIGICOle Bie. ac) ee hes oe to elt | Ren es dere 


1A. C. signifies above the city; B, C., below the city; and C. S. is the city water supply. 
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TaBLeE I X—Continued. 


0.1 ec. c. |0. Gl e.c. 


l++++ 


|++++ 


a 


es es i ee ay 


rt Sampling points 11 and 12, Leavenworth, Kans. 
Date B. coli in 
Source. | Bacteria. d ~ 
as, aci 
ook 1O'e..C51) Ae. ce: 
JU he 25. ee eee ee AC cs LeSOON WGOSis-o os eel + 
Acid. Colo. cice aco fe + 
Di eee em ngemtte SAS | iy Crores SOMO TAS scr ato eee eee a _ 
AChhCol.cols. sence + 
DSS Aaa CsS2 = iE aS Sacae = Ze 
DOS scm sie c 8 eee oe AGC Oe 7, 800 DOE ak sia eeone lai ots — 
INCTOLCO}s oll oes ee + 
2 ee a ee eee eter eco Bz Cudsic 4,800 BSE Seas sel eemites F = 
CIC COlssalteesee af 
2 RO: See Seah, Seer CrSiAs 10a} Gases. —_ = 
UH eee Rea Raden a) ty f Ae Cl 3 8, 30041 Gar oe cline pact + 
A CIA COR cel toate + 
Ji prea, Soe See eer | By Ohoran 6, 900 ASS chctaalatus ose ae + 
IN CIMCON fal teres. 2b 
DiS eco ea A) Cae ee ae CaS ee: 10 AS ine — — 
IACHOURCOL salto See ha bale ok eee eee 
Be eA iainoe sins See ASCs LO DOOIEG BSc 2 o- | sesn'iceo - 
INCIUICOLS S| clsom msi = 
Dene seed aren ice eee Baa ee 1G A2004 MGAS . 32 5.citass codes + 
ACIGICOTIS|sos.- se = 
I) Sele haw ere eres ke CESS» CRS ioe S| AGas. 22 bss — — 
Acid col...}-.- ica elias ane oe ee 
TAL) Ee Spee ee Oreo a ere AY 1SHOOOMRGAS a fs.a2sel toes + 
KCIGICOl. 2 <120 San ae 4 
DOs aca BN a sete ee a BoC axes, 208000 BSc ee sees + 
Acid col...}...-- ae ae 
45 ee Re Gem nae Sa FS Oasinseec 110 AGhee es 4 = 
Acid col... ne Wie ee 
SUN sillier det ck ob aenemclee a Ao @..3 TSUDA eek on) ie=eoe = + 
INCIGICGle 2-2. cosa te 
1 Ck, oe Bae teeter > Beas (CPST. ok cae ee ee (ee ee see 
1S oe a OxSasa5s 28s Gastar Sa. — =e 
DNGAKG liy0) Se Ie eee ae 
Dipiie Masao sh ai ts eee A Gite 32, 000 el SA eee a 
ING GGT BO ee =e 
ae « See ge ea, B.C 73, 000 eo ee (ee _ 
AGiNCel cals. ccee ae 
De acicsecne Melee See eee CES. 3-4- 107} Gass. - == == 
NCI GV COl onal der = ees ee ee 
Bids ahs sda abe teres see ReGen} TK, BOOM AGREE: < hase sete a 
ACld Cole: |gc &- aos aie 
Dacieseanties gees vale ee Bus...) 16,300 es ae 2 eee e + 
FACIGCOle = cigess cee aks 
Sacah Shee wes See CkSo=e- SiilGaste) .: = ate 
Ovens Moi sing aad puaCauSseH eC Sa: 80, 000 NS RSS 75 4 
Aeldicolestiasece ae 
Ors eek. Seuss eae iB. Cx 30, 000 PAG) oS SCRE! eset a Se 
INCTOICOlse S| ocece ee a 
Ddclsroates ace owe Suisse ee O8S.5e6. 40eh Gass. ou. == = 
ACIG\COleolaceceeee 
ASE eee: rae 20.0004 Gast... los. | = 
AICTE. COL foc boreie are 51-2 a 
Oo eainieis cniclaorsine se ats BaCe: 16,000) Gage. to. loo coat. iL 
NCIGIGOlscalS. coc cee Ze 
Sisal s eee ene rece UNiel Opes 15; 3008) Gas... 22.13 ..os8s ane 
WNCIdieolss ss. 's2<1o- a 
So hacia ais Sens Ee B. Os 27,400 icp Saal oe ee te 
VACIG COlsal aac cc siete at 
So EEE Rene Ree amen ee CiSas QOuiGacke oa. a oe 
Os ote iaammemen Seen RECS 12: 000SrGases 82 1dlcslse: <fs 
AGCIG COlss sans cee =e 
A ee Rear reir Psa seins - Bers 14, 000 CS) Wea eeee AR - as 
ACG COs. B15 202 e552 = 
O) FoR GRE ice terete eee Casa Gal Gasca. + as 
Acid col... =e 
LOL paithinhas see towcuenlene AG Cie 42,0003) aS Se So. tees cece at 
ACId Cole sen es: + 
IOs coco abe nuee cane aes Bex: 22 OO0MWVGASK.o-..2 Nee. eae a 
Acid col...'... Sea oo 


1 No sample, 


RePaeeRre 
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TABLE I X—Continued. 


ac a 
Sampling points 11 and 12, Leavenworth, Kans. 


B. coli in— 


Date. 
Source. | Bacteria. é ai 
as ; 
dcid col: 10¢..¢.} Le. ¢2 | 0.16.6. 0.01 c.e. Aves 
10) Ae heliice FNM are Se Cte mee Ch iStcs 20 Gass a aeae = _ ~ se | limes ee open," 
a : EACTOROO IRS: (ateue nn He aie Ssh hte cals ils eee, ES 
IBLE eee ee are hare eeu gel 83, 000 Aes ai sfera [ere ctet traces ap = = _ 
INCIGICOMR., Bye es + + = ea | rarer Pave 
1h SRS Ble Deiat pede aaa 1, 250, 000 ASR OMe al aces: + _ + _ 
ING CON ISN gc te + + sala ds Seen ae 
HLS oe ate ae <I ee tee SOP GaS= yeas — — SoU iets Moos. 
Acid col.. ie Eile AN eS Cae noel ss ME dedr hac| aliade CUOMO 
12 BSR Se Sae ee Rees 50, 000 SPs een eo rcllicle he aan + + + 
ENCTORCOleeaslles ss + +e Shs 
1 Sag eh eens some SOP 30 O00T| EMGAGE eon sfihe oe + + + 
MCIVCOl a Se + + + 
bees ete a ois cies oe Spreader.| Gas....... ae + —_ —_ 
Acid col.. + See te ead aS es she a ae len 
Be ooh Scie Sek SOOO Gist es cca ee + + + 
INCIGLCOR Lc \iosccse + + + 
TRS. os Ae a aes eae DO 000s AGasmee. Sale Peron +- + + 
INCA COME eer ls ++ + + 
Le A ieee Rein ae ORS 20 I IGAS aes oe = — = 
PNCIGECO lee [hi ete S| ae Sm are S| ashe vere alls sed oa ee 
LS RS SD pe ee Se 6, 700 AS ese eae aero + = = 
INCL GECO lee Ie) eas + mae Sea [peal as are 
2 een aia ee a COUT AGS ces ecdlatlists. + + + 
PNCIGICOl oes + + ap 
SSA See Oe eae Ga, Sema 25 ASe sree a — — — 
EACUANCO Sens epee Gee ae SN, Ace» eee = ANS i NN ei re eanig Miten 
LR SNE Ag, ec Sm 9, 000 ASH ets ca ee + + + 
INCI COl Al cc + ap al 
TO euicnins soe esta xe 12, 500 EIS Agee eee + Ae ap 
PNCIGECOl Sal ean. aoae + + + 
TG hee eee ee | ee 140 NOS J eee — —_ _ _ 
NCL AIC Ollgs SSE eye ea ele el Mee ee ieee oe 
Jie ER ne ees Maine, Ses SPOOR Caste se] ene + + + 
JaNEINS EXO) ee | ee + + 4 
|? Ene Aer See a 10, 000 ASP eae [ernie + + + 
INCIGECOENs| Sone + + + 
178 SE 0 Se: Se ae ee a re 8 ISS ak eae, — — — _ 
CU COM 2 lee toe Me Gest ta ee ae a 9 
Sy ge ee 25, COM AGS oo abies By o48 SF ap se 
UNCICECO lesa aAsce + + ae 
See ag er ae ee a 28,000 ESA case ea to: oe + + 
ACIGMCOLS Ae yds + + + 
TASS ete 2 At Ome RS de 300 p\saiia somees — — _ — 
ACRE ON. Se gcse s «Sac es ee a ee ees, 
Oe OAM Daan | Rees ie ZS GOO EGS setter cli Me yee + + + 
NCIC OMe ears sy + + + 
| i Ue Sp eae ee eee gee TG ;00GE WG as rit le) ou + + s- 
INCIONCOlos| aes eae + + + 
LA Be SA RAE, 200,000 | Gas......- aa = —_ _ 
Acid col.. Fe hl eeiceest se et ea, = ad) ee me ee Pe ie 
GI Stes stan artn Ah ic tite dc 105 GOON HG AS 0 cac clo etekex ¢ + ae ae 
NCTC CO Eye eeguee ey ob + + + 
DO ae Oe ava eh cc kes 11, 500 FES Pee bee ee + + + 
INCICCOl encase k + ob + 
BU Scena Sty SUM eas ct J PAI ENGI Ce Ner es a _ _ _ 
Acid col... cae Mee tleeeret tl tae pe ne eee oom, Se UL eh Fee 
DD Fos RA IY ENR A ENO Ging ele a POS Merge eee Gel pai ee eae, tes Ae ae 
ROWAN IOI HNN ciah ato OAOOOR Gaseme neers ae + + + 
INOUOM COLES eee + + aa 
AOE Se ee ee Lene 10 ASepertiars ee + — _ — 
Acid col.. See el ances Re (Mar, emits odin eer | Tae Apa 
Bee Sets et Arete at pvnahs Se. 22, 400 aS ee ee hee ee + + SP 
PACHA Ole as| eke eee + + + 
25 0 Aa Oe ee 29, 000 OS eee een) eee ems & + + aie 
ENCIGICO lise! aoe oe + + +. 
TESS EASE ene ee eee 60 AS baton ee, + _ - _ 
Acid col.. ce Aer areas 21 I cor [0 ee (| 
Ds RW ha 2 gy ici oa sink 7,400 ASE eee len ee orel + + + 
INCIGECOloe a bet. + + - 
este ah iaraica abil, sagt cated 8, 000 BSE Sete stall ei create + + + 
ENCIONC OM Salo cee + + + 
i SS A es 12 AS te ais 9 + — SNE oh ot ee 
os Acid col... atria ictaestatavotare thar mae et epee er epic om ke 


91318°—13——_5 bi 
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TaBLE I X—Continued. 


Sampling points 11 and 12, Leavenworth, Kans. 


B. coli in— 


Date. 
Source. | Bacteria. . 
Gas, acid J ipe.c.| 1ec. |0.1¢.¢.| 0.0le¢ oe 
WF 20 Soka kis sae ete celine Be OS. BOG ie Cie Sh re _ + + — 
INCIGKCOW SAIS. Se mee +. a es ese 
DO tet tee dicts ae ace at ee BEC eee BE SOOO’) GAS Sac oe alissesaa.es de ae ae = 
NCIC COlSs. |b... 2a. + + ste AOE tin 
Di Rie tac ak eae oe CyStess D000 Ms GAS eee ss _ — Rt (aera 8 Sa ae ee 
Acid col... Sf) fe ete: Sica: 3 | recess a a ee ene eee 
QGsse5)-6 oe ee ee Used Oana 26 000n GaSe ene. 4|eeean.0 a + + — _ 
INCIMSCOle. shan. cae + ices | tela [bk ee eS 
VAG ae ER Wet Bae ine EE Brel. 18, 000 AS ae TIME sce + + =e ox 
IACIGICOLS. sac = ne + + Ss FT toe ese se 
DG eet ey EEE OEE CS PS ROGIER [ee Ohta tye etl Smee fy eas eel ee eee oe ee 
74 (ee a CRO Der ty SE Awe 27, OOOL EG ASieeasaecliae oe a tee + + _ - 
INCIUECOl aster ns eee + oie (aes ets Sih CA Ts 
Vd Cao tary seca bit phate uded Mest 1S3eut Cetera 65, 000 LS ee Aenea] Caw = Sakae + + _ = 
NGIGCOlsse ls... es a = COREE | earn (cen etes Ue 
7-1 i ae ep ad Oe era tae CoBiecee 1, 200 @Ss52005- — _ Se Me eee eee 
ENGI ONCON ee ee ora ce Al nies ice cco Wane ae cia ee ee re 
7A eT) RE SE AL a Coe DOM Gieainss 8, 600 ENS, ab aie ce esi era o + + = 
INCIOICOIS. c|eeeeeen. — bh SE aie aoa 
DOs ONS id ae cao steers BuCE. 6, 000 ASE se Sof eion ee = + + — 
INCIEHCOlES lee ness = oF gee ee Rene 
7th Body Sg GN ous PE AER a (ONIS/Saae S00e Gases. oe “+ > _ =) ESS ee 
Acid col... — shart Nise 24 So | eS een ee 
BE cn cporavat Al se es ea Be Cx sie) val, COO | Gista Ss = Sclec cae cs 4 + + a 
INCICVCOLS EE: ook — - _ + 
cL iis Neel Ae Bopp ae stare ek BuOn...1 GBs cUO sae aae eo. te. bs cote + + + -- 
NCIC COleselsoncaee = - —_ Se oe eh 
24S See ae te idee ee POR ey Casares OO GaSe ee ~ oo NG re eee Se, 2 
PACT CNOOL sas tetea ates liaw os + neulllvsrio salen ee errs eee 
LS ar ers eee oe i Cet Ai) BasOW Reese o. Soteen ss. oe + + + _ 
INGCVALCOU. licence ok = of Sees ell Batok Sees 
Soft Fs SAR ea elemnate seed aan 3 Bs Giseth-) do, 200 tashneete oes es + + + + 
INGIG COlS2 |e. 5-5 e _ “f + -- 
Sleey tsar el Stee as cw a Chips Spreader: (Gasacsace — _ RE (Sees ae ears = 
DACCLAHCO Le sek ees ater ee ee vail ier cer all ee nee al ae ence 


[Kansas State Board of Health, Water and Sewage Laboratory, Universit 
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bass te va. 


Mr. Sherwood, Miss M. Greenfield. ] 


Date. 


July 


NALS SES 'e a) See Slaw So. ae vintaria etal cre sistas 


Se ceseeseneccaesscceseeusconcscsacne 


y of Kansas, Lawrence, Kans.; 


Sampling point 13, Kansas River, at Lawrence, from bridge. 


Bacteria. 


Gas, acid 
Cel, 10 ¢. ¢. 


3, 100 
8, 000 
5, 500 
9, 400 
17, 800 
8, 900 
13, 600 
18, 000 
9, 000 
29, 000 
20, 000 
30, 000 
9, 000 
4,500 
5, 300 
7, 400 
5, 200 
5, 900 
7,000 
24, 000 
10, 600 
~ 37,000 
104, 000 
30. 000 
4,000 
7, 000 
40, 000 


12, 000 


60, 000 
34, 000 
15, 000 
18, 000 
11, 200 
4,500 


| 5, 700 


(Ce aha 


Gasase ask 
Acid col... 
Gass Seeeer 
Acid col... 

Stet sins 
Acid col... 


+++++44444 


40,000 | G 


7, 000- 


GaSe soe 
Acid col... 


Gage sates) 
Acid col... 
(CRESS rceeerge 


Acid col... 
G 


Gasaege eet 
Acid col... 
Gosia. = 
Acid col... 


Acid col... 
Gash 2e 
Acid col... 
Gaseee Ae. 
Acid col... 
Gast ee. 
Acid col... 
G 


Casieee. 3 
Acid col... 


f 


cece ete eee 


ec c een ee 


sete eee 


oe eee ees 


we tee ewe 


seer ecee 


GDS is 5 wiaisiel «islo's.a sae 


Acid col..- 


lec. 


So NR Es ee ee ad et ee a ae t pelh ag ee ae 


0.1 c¢.¢ | 0.01¢.c. 


ROTTER TEE Oe eee ee a ee ee eet ha Le he e's hae pa ay 


[++++ 


|++++44 


eee e eee ele eee eee 


a 


ie a a ee ie 


PEEEEEEEEEEEEFEPEEEE EEE + 


cern eceileaseccoce 


+h 


a a 


68 


Taste X—Continued. 


Date. 


te chal ateloherle laiats aes malay = ol atet lool ea) a 


Sampling point 13, Kansas River, at Lawrence, from. bridge. 


: Gas, acid 
Bacteria. Cal. 1OIGAGs ||) ee: 


Shae |aS Sessa: 


a 

Acid col... 
Gas aces se 
Acid col... 


COSmese <2 
Acid col... 


GAS tote oot 


Acid col... 


TABLE XI. 


++ttet++tttt+ettt 


++bbee++ttt+4ttt 


0.1¢. e. |0.01¢.¢. 


[Kansas State Board of Health, Water and Sewage Laboratory, University of Kansas, Lawrence, Kans. 


Date. 


gle (a slate einain sla = saa, aloe o 5 lelsia  eleseleva/ele 
oheowclena ca cm baa Se f's © 0.0 ce vee ule sss 
ele ine a ele aja pala winlage sa /e wie (ee aes Siwieie wees 


Sampling point 14, Kansas River, Bonner Springs, Kans. 


Bacteria. 


52, 000 
35, 000 
129, 000 
Spreader 
27, 000 


Gas, acid 
col. 


B. coli in— 


ORINeNC. 


Gagraown: 
Acid col... 
GaGe sic. 
Acid col... 


Acid col... 
acts 17. 
Acid col... 


Gases res 
Acid col... 

aSeee ee 
Acid col... 


Acid col... 
Gast. 
Acid col... 


Gast. ese. 
Acid col... 


Gas. 222 
Acid col... 


Gasic 22. eoe 
Acid. col... 


Acid col... 


LEELA EEEEEEEFELE FEEL EEE FEF EEL AAT HE FATE TH 


LEE EEEEEEEEEEEFEEEEEEEFEEEFEFEEEFEPEE PETE THT 


0.01¢.¢. 


++t4+4++44+44+ 


[ttl 4+4+++4+4++ 


++) +++ 
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TaBLE XI—Continued. 


Sampling point 14, Kansas River, Bonner Springs, Kans. 


Date. 


Bacteria. 


Gas, acid 
col. 


B. coli in— 


10c. ec. 


a 
2 
ie) 


Si OuitexcuOolose: 


Acid col... 
(Gash ace 
Acid col... 


Acid col... 
Gas ne 
Acid col... 
Gases 4ce 
Acid col... 


Acid col... 
Gasesise 
Acid col... 

IS res cee 
Acid col..: 


Acid col... 
Gass £6 
Acid col... 


Acid col... 
Gasser 
Acid col... 


Reese ie 


FHAAEEEHEHTHEEH FEFEFEPHEFHEFHEF H+ EP EE EET HEH 


+HtHt+++tt++4tt4+44+4+4+4+444 


[+++++4+ 


0.001 
c.C. 
+ a 
Se aes 
+ 
a. i 
4b + 
+ ~ 
- + 
+ ~ 
+ = 
Ss i cai 
+ — 
at See 
a — 
aie ar a ie 
a + 
+ ~ 
+ as 
Se eee 
+ ees 
oe Pearce 
+ + 
+ ~ 
+ — 
Hey Unie sachs 
+ == 
ae 


10 


TABLE “XLe 


[Hospital and Health Board, Kansas City, Mo., Pathological Laboratory; Dr. J. R. Vanatta.] 


Sampling point 16, Missouri River, at 
Qumdaro, above the mouth of the 


Kansas. 


Date. 
Total 
count. 

May 29..... 57, 000 
20; 2.7 58, 400 
mibsceers 29, 100 
June sey Se 54, 000 
Diese *3, 570, 000 
Bees ee 440, 000 
Ae ses , 000 
Osekee 223, 000 
Grr 35, 000 
eas 58, 000 
Saas 150, 000 
aes 42,000 
less 23, 000 
i ee 21,000 
12 eeee 30, 000 
I eee 76, 000 
ges ae 29, 000 
es ea 24, 000 

nee : 
Ne ee 70, 000 
ES ees 50, 000 
AQ ee 40, 000 

20 ans 25, 
Qh eee *4, 500, 000 
Die ee 32, 000 
Diasec 41, 000 
2A Spreader. 
SRE LS. 10, 000 
2655-3: 3, 600 
PA bet eae 10, 000 
De eiains 13, 000 
AS EEE, 16, 000 
SUS seer 15, 000 
Pel Eerie 4, 400 
2s 6, 000 
Se eae 8, 000 
Sa Spreader. 
Oa: 6, 400 
GP r ns 19, 000 
eee 41,900 
See ye 105, 000 
URES 10, 000 
ORs: = 17, 000 
dN 5, 000 
aaa 6, 400 
Seer 12, 000 
1 ee 28, 000 
WOeeere ie 10, 000 
Ges = 8, 000 
Whereis 11, 900 
Sees ci 2, 400 
19.....| Spreader. 
ee 56, 000 
Diese 19, 900 
QD Nem ars 6, 000 
Date the 8, 000 
Pa eee 45, 000 
QD oa 7, 000 
26e Sac 19, 000 
27: 19, 100 
28. 135, 000 
DORE Sc 45, 000 


‘B. coliin— 


0.001 


see eece 
es i a ad 
See ecee 
oy 
esecees 
i 8 i 


1 Overgrowth. 


Total 


0.0001 | count. 


Cc. C. 


*400, 000 
No growth. 
*9, 680, 000 
*13, 048, 000 
184, 000 


meee eee 


Sampling point 15, Kansas River, at Kansas City 


Kans. 
B. coli in— 
0.1 0.01 | 0.001 | 0.0001 | 0.00001 
Cus “| OoCy OCs ln (Cs Chol aeues 


Se AO Sta 4 rn 
ee rae + = 
Sige ene leeeeeee ata 
oes Cee 
RST A aon a Sr 
EU sate + — 
Be Me + —_ 
ae leteiere ef steers eters + 
Ped ee 
a +) = 
Wea itis et eee 
Ge ae eee 
Snctie atse ee ate a5 
iin eeeteve Pavan rere ote 
Buea + — 
Be ee bee 
Mee heccn| ee aree + 
pte Sper + — 
SSP + —_ 
Sr ee + — 
se ata ate cist ere + 
Steere + _— 
ES pee + | = 
aisha terest + —_ 
+ saeiol | aare renee 
ie eas 
rhe ae eicmete + 
Davele mies + _ 
aout + —_ 
eS Sein ee cece + 
SPecre Bie, sage ae aeC 
San aie are + —_ 
Ses 2 GE ae A 
Paes + —_— 
RE eg KS 
ere ee 
BEG OS © Ne gs ae: 
ee ee 
ROSES ae — 
Soke wince aa + 
sirens < + _ 
ats arate te ouba + 
SOE ee el athe oral fe + 
ST, Betta Ee Oh 
Beier + _ 
Sie. eretellais Sele aes + 
SOR ape Ace = 


* Left out of averages. 


a 


ee er 


es a 


St 


ee 


eeeeecece 


weer eeee 


ee 


wee eee 


Ss 


Se es ee 


es 


ee 
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TABLE XIII. 


[Hospital and Health Board, Kansas City, Mo., Pathological Laboratory; Dr. J. R. Vanatta.] 


Sampling point 17, Missouri River, below the 
Troost Avenue sewer. 


Sampling point 18, Missouri River, at the 
waterworks, Independence, Mo. 


Date. B. coli in— B. coli in— 
Total Total. 
count. | 91 | 0.01 | 0.001 | 0.0001 |0.00001| COUD*- 
6.8, | 6.6.) ONES | 6, 6s Yen, 
may 20°) LG O00. T.. 2....dt-4 5255: + Sa eee dlls ha See mbt aes lll sea ee [Pe ate ay tees | er te 
Sop 2003000 fo. 24 cheeses 2 => Som JR consibar yeep arate fice etna ar oe wy Me femeiaycrabers poratera= hers seats ae 
SEY 220,000 (255. .\. + See PFN tidal ca a Sates cnale wiueie oie barclwteectane Pore weaned cxoPmtarsabieiasaus car aioe rena 
June 1 Dall MOO NSS coc wale oe ss a2 + Bee fib eect fey = vara f esd rasta ats ee SecheeeetellOascra erera te I bare cyst ol ze ereust cs [coe meee 
DEN NGOLOQOO | Pies siscopseeico ae ate coeelera ceca rsteae | Werte eh iat iS arttics Fea cl ers ae eyes ONE ee Smieme nel toes score 
3 $4,000 joes sends 552 38 + Be Ne eres ee Oa i ora iarmtl co reaete ashen ay ceil eeveiaiaial eee acai 
AMA SOOO Ns oS) lanats Be ap sr iil epenat sn apeyal iets fay wreh ereiorei|efaievave farailte ts eoake lacs eveisiciesskallistalenste lois 
5 BOAO te cook cule ss oo dead + ee | amperes CS oe ee cee tices SS Ica meet NOUR aie 
6 ADOOO0s [ees cas laces select + PEE iba SONI Wandin pian al lis acecabeine eebauisacline eee 
y Gah Ea ae ee) Se eee + Se se araprata alse tas aiare scl a |s/s'stereralla,o steraile farsa aes 
Sf B00,000 |. cs wahates 22 + EADS 2M tess eet Sh) WOO cee Eres, OOP , 
9 /*1,128,000|....... + Bey he ae p gute alae eee eth, ena te cecil sence 
10 WOO Fasc weisclsaw ates + ote Renner 54, 000 
Tie 5200007) s2 sos oa): Sects + ae Sees *577, 000 
Tears, COO bs: so. .slease ae + pe A eicey sie 121, 000 
13 AS OOO tes 2828 + me ol Wee ctale cralinters swe 32, 800 
ASN TAA OOO DE asec Syace.s eat + ei Nee aha 50, 000 
15 HOMO Ty Petts aise Ue ty + Ce Me oe 22, 200 
16 03,000 |< sec... + Bee oo Tee ole ravahie ete oe 109, 000 
t7 |} 500, 000"|....... op i CARRE ss SF 220, 000 
18 CA ODOM Si Se ecidias sect + eet (Seen *940, 000 
195) 1905000: | Ses 20.5.0 + es iL rerate, apsietices sere ae 80, 000 
Die BS QUE ls os. vale cond ae =. Et SSCre 60, 000 
21 BH, OOO oe ais Sake ase + oe Nite ae 130, 000 
22 BOON) | aieces eS) ree oe + ee are 120, 000 
PRG OO Peso coho ete =e + Se Ce 34, 000 
24 |Spreader.|..-.-.-- + Se eS le ealrs hl cee 140, 000 
25 a ee OS OOOH asa Digee ae: + Sate URNRS Sect 20, 000 
26 9,000 Se NCO 3. are tlie ahd oteray mele tata 20, 000 
27-1? 2550001. ete Se oe mee 2 2k gee 10, 000 
28 2 OOO les uke. ~ ee REN ett 44, 000 
29 30; O00 ae bs oe... + we asl eavaiiate aietetee 36, 000 
30 DO AW0On Ee Se Saee + Bat SCAN aoe ae 17, 000 
Bey nS OOO [aie 2 chic scien us ee + — 12, 000 
2 ie OOH ee comes le cteee - + ae nda eele.S eee 32, 000 
3 A OO te Sede 583 | + en Nelo giet 19, 000 
4 |Spreader.|....... a CEN Sara ep asc 20, 000 
5 AAS OOO Vet coe + mS POE ae an eee 34, 000 
6 BOONE [ieee baalseae <r + ae OR 26, 000 
7 GeO et enh anleae gee he aa salaestet ce lee smie 19, 000 
nf ot AO OOO aScci .idiemeeeetc em ye + - 62, 000 
i) 25, OOD feces vs + oes etna seek sum 30, 000 
10 DAMON BES Se. + = esas elles eee 20, 000 
i T5000? fads 22.c:5 + Et A to SO a tr asic 16, 000 
12 oo '0.0, 0)0) eae eres eka st yen + =U he aeteeee 8, 600 
13 NG (000M Sse 1. = <=) | Segesealibcacdas 5, 200 
14 Sa OOO Peers oo shes cane « + == loewlsaee 23, 000 
teal 2200082. oo. re PAS ot Ate ey HON aS 8, 200 
16 Uke al eee Bee? Loe i sper al cele 240, 000 
POL WOO iss od. alees esa. ne a ase dae 8, 000 
18 1, OOOH. fs 4 ss * hs wh ecole te ere eee 10, 900 
HOW SOREAUCES| a= sec| cate pee ao ae + — |Spreader.)......- 
DOA SPTCAGCI. | 45= aot see + aap i a Siete 47, 200 
21 G7, 000 |e iee4-0 + eyelets a sl ears Sa 180, 000 
Fl MONO Ns 232.50 wie ca ee bene oa + - 53, 000 
7 Nl ela ie eee 4. — 11, 000 
24 WD {LOO [er snao a bases. + a Oe er ee 17, 600 
25 DG OO es P32) ale cs dats os ee ee 40, 000 
DG lel ed OOO de. a ees Malet roe mie 33, 000 
27 BO ODO | od .'2 Ui sihe'ss tara + ee Gl eee 54, 000 
BGA A OOO: Vn405 sale as Ba + PREM ely Ble 85 ean lag (G8 Nae eo aL) I RM PR ea SN oe 
29 COI Ne basil oath bara RS teariog a2 + = 105, 000 
| Ra) Mere Pe eer ee cera Pine a 9, 000 
Be eed exe tina iby Jkt ised ais AO ENA acd Baltes eesic a aul hare e arate 19, 000 
EE Te ie 8 OCR Rh ee rs dee eae eee a 24, 000 


* Left out of averages. 
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TABLE XIV. 


Jefferson City.] 


{Missouri State Board of Health, Bacteriological Laboratory; Murray C. Stone, M. D., bacteriologist, 


Sampling point 19, Missouri River, at 
Jefferson City, Mo., at bridge. 


Date. ae B. coli in— 

bacterial % 

Counts | 9.470. 6. |\0,00 6. | 0.001 c. c. 
WN. chin cite tne aceees aes Me ReRR ere c aera? Oe Meee rete ee mee 16,000 | > = | — 
Dichain ain a he bee Che PSE aiedia se gre cei ea an reer e ae eee 25,000) + + ; i= 
Disheloidia's 3 shapatteiabtes Ss d ostea ben tgtes as nes cee eee oe eee 42,000 | _ + - 
Gicisc cos stares Meee engten ice teen eee eee 46, 000 + = = 
EIR PRN RS Sede SNS OR SR ESC AC a coe Foe} Bae Hain 30, 000 + 4 — 
9e Se SH LAM | SRN e fag Hee OG BURT (ode 957 Wee a 30,000; + + = 
OR Seelam DR ais aid A Baa ve Oss ON ee ead DON te) 20, 000 + = + 
CONSE EAE PUP AED AAW Salas Tes Says BR BROAN Fi BO Sie BRS oo 28, 000 a 4 — 
DY ob coc oGeotin toe cele Aaodat hae eng te alate inert os Rte ie ees 18, 500 | + + — 
BD Fovore See bp Whee RS Fasiercitian heat Ria 7 eSATA MCR OIE SESE 18, 500 - ~ 
A Se PO: 9 ERR Spe GE) NEE RAR PG BE? 10, 500 + + — 
BF inn chs seas tS of oak eet DAR Seka we Cee 100, 000 + + _ 
Bi avert = - Sere ape Ne Pend a0 af. A ON Oke cies 1k Bee 60, 000 + + _~ 
Lice od aak si cee ache wee: -doxece eek Ue” lence teh. 55, 000 + + — 
Oe Sie freee P Arete tera ey bans BEY ieee 35, 000 4 = _ 
BQ Re sescrarcnd =. actin ae. o. Seca newak Geen. Pets Hee ee 40, 000 4. 4 — 
20.3. tes: be: Men acdins te Ved SERS bee et ont ee 20, 000 + + | = 
BER esr god = 5 he es Aa. Se LA Sk Sek DRIES aoc scene 25, 000 + — — 
Beh s hs oe tee aac sheads 55k eee: tac cake dete 12, 000 + + + 
Oe Some hs AS: Oh ae taeet doat tenn a sage SAME MIEG caw ane cee ashen 10, 000 + + _ 
BE Pectin sd «See EE s . dae can ete RE Sen SE hen Ae 8, 500 + ~ — 
Bish ices te etry adele SAF aN E SORE Son wee ee 2): hee 7, 500 + + — 
PIS ed RL ME che inwinte a Kis Fae eee Ae ea aA Dee 6, 500 + + ~ 
Sie Srcrctatnsnts, GPR MeN SOS. TLE ea yy ah eRe Se tee ee. Oe hae 10, 000 _ + _ 
Does PEE 4. TRS Sito doniid ea ss tah CAO 65 PROSE RE Rb. Shee 14, 000 + on | a= 

Total B. coli in 
Date. bacterial 

count. | 10e.c. | lec. | O.1e.c. | 0.01¢.. | 0.001. ¢. 
FG ei hevasictherdia 8a oes Sova ceed ctay ee 20; O00 ew ds. 2E5 Ue + + = 
ON Tea tot ig” Sis Sa 90,000 tk, cer decue 1: 4. as ~ 
OK Ma SAC wE wile secs acids: eb ees ee 14, 000)+ 3.2. o=c5252 op + + =e 
5 i i i ii ea aaa as 30, 000 se eee eee ee + + oe =a 
6 i i i ia i Se i i aii 11, 000 sete eee eee + + = po 
See treated snce Saas Sake See ee ASOOOT. 522 Joes cal eee ae + “ — 
Cathe n sitio Ooh Sees een see ae 14,000 4~ = 3. .0u<.2 a fe + 
CS Seen coer, em es ee eee S| LS OOO Hs teeta Nes eS + + — 

Bs G nrre dines (eC AE Shes - aha cea toe 90004 sas: See + + _ are ea 
ES See ere Se ee ee ee HOO Mawes oS See a + + — 
BAe cirri ate a. tk a bton ahsced. ook OR OE TS, OOO ee es + + _ — 
Dea rorce tctararete sic ee fee pa S AR eS el SOOO MRR soe on _ + — — 
BE srasctwi bt Bae eee: Sa at 9.500 Wrst Sateen a a it = 
AGE). Tea Sh MER eh Moneta te sek ee TO, OO i a8 ee CoS eeporh - = —_ 

NSS Been SE a SR Pree el 12. 000-1: sc). ee. Bo = 4 a 
TN SOS Te ae ae) ee, Se IT ec O S00 dir lcs a era. js + = 
SO set oo ea gr atelt cee ea eed ae ines OOOO karic cee Lee kee _ + — 
POEL oS 1. ee eer ene tee oem LS COO ers es oranda cats + + et 
BOE ett llgnin cet oe us hei GORE A Oy Nes 2 a talons 2lG es aes 4 > — 
Eis entice 2 nie ee es ae ba ed eee 12 OOO. «ees Sew ENGRee aes + _ — 
DG cchen Orie ds cas Sea deeM EL 14 COO. 2). ees tes Hs Be 5. ae 
DOs? Li .ts te astera ds mereugiremins SNES See ee tah ee See pr ae + + | + 
DR ro ato ee aaa ode ee Sa ee 26, O00' Pas =t8 SSG ae = + = 
BORE NE as See dessa. cuoa sat cae SEITE ee 30) QOOR shee k 2 Sabre Recta + +. + 
Pt er ie fe Sem GE ebo ens Bly 08, WOO 8 PAC 4. a a 

SENS Sica nace ieee: ek ee eee BSP IOOMS oo bn TA ea erecrae > + _ 
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TABLE XV. 


[Kansas State Board of Health, Water and pow geed Laboratory, University of Kansas, Lawrence, Kans.; 
r. Young.) 


MISSOURI RIVER AT ATCHISON. 


Sus- Oxygen | Oxygen : 
pended dis- con- NOs. NOs. Cl. HCOs3. Conduc 
matter. | solved. | sumed. : 


No. 


ee ee 


Py <A. 4, 950 Wat: 3.18 0. 001 0.50 10.0 166.5 12.42 
we Be 5,377 Hey? a2) .02 .50 LEO 168.5 12.52 
3 C. 4 7.9 2.15 . 000 .50 12.0 163.0 18532 
ae AL: 4, 932 6.9 2. 63 001 .50 10.0 170.0 12.88 
ba Bs 4,932 6.0 3. 42 .01 .50 11.0 163. 0 12. 88 
6 C. a Hol 210 . 000 .50 1320 166.5 13.78 
w= A. 5, 842 oO 3.71 001 50 10.0 158. 0 12. 60 
8 B. 5, 985 7633 3.56 01 .50 13.0 160.0 12. 63 
Or C. 90 (ayer 2.20 000 .00 14.0 153.0 13.50 
HO. A. 4, 450 7.78 2.90 OOL athe) 10.0 170.0 6.50 
wi Be 5, 674 8.48 3.50 02 .70 10.0 167.5 6.55 
2, C. 37 8.54 2. 60 000 1.00 10.0 156.5 7.30 
A. 5, 162 8.19 2.07 001 ed) 9.0 150 6.16 
14 B: 5, 168 7.68 2.85 01 .50 8.0 147.0 6.138 
we C. 123 8.52 2. 42 .001 .70 12.0 144.5 7.14. 
16 <A. 4,594 7. 84 2.45 . 000 50 9.0 158.0 6. 08 
ny. B. 4,949 8.10 3.38 . 000 50 10.0 156.5 5. 88 
S.C; 61 ~ 8.38 3.18 . 000 70 1A 148. 0 7.14 
i9 <A. 5, 704 G55 2. 43 002 50 12.0 139.5 5. 63 
20 B. 6, 135 6.11 S27 .001 50 10.0 154.0 5.56 
ate C. 105 Hdl 2270 . 003 1.00 10.0 147.0 7.06 
22 =A. 5,315 4,29 2.54 . 000 30 7.0 154.0 5.8 
Zo Be . 4, 956 he lol 3. 86 . 000 30 8.0 161.5 4.8 
OY AGE 129 7.83 2.94 . 000 .50 9.0 150.7 6.5 
25 CA. 6, 620 6.72 3.07 | . 000 .30 9.0 149.5 4.6 
26 B. 4,776 Wee 2.90 . 000 30 8.0 152.0 4.5 
ie Or Sik 7.81 2.63 . 000 50 9.0 154.0 6.2 
2S Bs 4,754 7.01 2735 . 000 ~30 8.0 145.6 4.3 
29 3B. 4,732 Tigi 2.50 . 000 30 11.0 145.6 4.3 
30. C. 74 8. 45 2. 28 . 000 50 10.0 150. 7 6.1 
31 A. 4, 438 Te luf 3.10 . 000 30 6.0 128.7 4 
32 B. 4, 246 7.20 3. 84 . 000 30 6.0 159.0 4.2 
33 °C. 17, Tee) 2.90 . 000 50 7.0 155.5 5.9 
34 <A. 3, 952 6. 62 1. 88 . 000 30 9.0 164.0 a 
Sue Be 4,038 TA 3. 24 . 000 50 9.0 154.0 4.3 
36 C. 211 7.42 2.50 . 000 50 8.0 143.5 5.6 
37 «A. 4,076 6.37 2.07 . 000 30 9.0 142.0 4.6 
HERES PUGET en el ote where oe cea arch creates oats ieee 2 retell (errs ate araillo oi sseenall em ars ars orate > ere eleheis esis 
39 C. 173 Tous 2.06 000 .30 8.0 145.6 5.4 
40° 2A. 3, 378 6. 65 2.08 000 3 8.4 142.0 4.55 
408 B: 3, 390 6. 05 2. 42 . 000 3 10.0 149.5 4.50 
ATC. 106 7.20 DAT . 000 ares 9.0 149.5 5. 30 
43) A. 3, 048 6. 62 2.46 . 000 58 9.0 150.5 4.55 
44 B. 3, 144 6. 81 MDa . 000 403 8.0 153.0 5.55 
45 ~C. 125 6. 66 2.01 . 000 «3 8.4 142.0 5.30 
AG. A? 3, 492 6. 94 2.08 . 000 8 9.0 148. 2 ber és) 
a, 6B: 3, 646 6. 94 DEH . 000 aS 8.0 141.0 4.70 
48 C. 94 7.00 1.81 . 000 wo 8.0 147.0 5.20 
49 A. 3, 280 6.98 2a . 000 oo 7.0 PA COU vee wiaticreiare 
50° -B. 3, 400 6. 94 1.59 . 000 ath 11.0 iSs5 [eet tee eee 
ik Oe 1518} 6. 81 2.43 . 000 ie 7.0 199 cOi he GicSesarecie 
porerA 3, 754 5. 86 2.58 . 000 .3 11.0 TOQE HM egies 
bs. DB. 3, 938 Veal 3. 24 . 000 3 11.0 T25ROYl ee mes 
54 C6. 110 5. 82 3.01 . 000 i3 10.0 WAG Gi Wises scene 
BS - A. 2, 952 6. 21 2. 20 . 000 . 30 8.0 130.0 4.39 
56 B. 3, 400 6. 69 2.88 . 000 30 9.0 132.5 4.44 
7k Or 110 6. 88 2.55 . 000 30 12.0 132.5 4. 89 
58 <A. 2,676 6. 53 2.70 . 000 30 8.0 138.5 4.50 
59 B. 3, 404 6.56 3.00 . 000 30 8.0 140.7 4,45 
60 C. 111 Weslo 2. 80 000 30 9.0 135.0 4,95 
61: A. 3, 790 6.78 Pa tes: . 000 30 14.0 131.2 4.38 
ie BB: 3, 448 6. 69 2.93 . 000 30 9.0 137.4 4,33 
63 C, 112 7.01 2562 . 000 30 10.0 131.2 5.08 
64 A. 3,550 6. 67 2.69 . 000 30 9.0 140.7 Anal 
65 B. 3, 490 5.70 3.07 . 000 30 UO) 135.0 4.40 
B6 °C. ee 7.14 3.01 . 000 30 8.4 128.7 5.12 
67 <A. 6, 280 5. 86 3. 02 . 000 30 7.0 143.5 4. 20 
68 B. 5, 538 6.78 Dips . 000 30 9.0 138.5 4.15 
69 C. 78 Teas 2.46 . 000 30 9.0 128.7 7 500 
70 A. 6, 928 6. 62 2.59 . 000 30 9.4 130.0 4. 48 
ma, B. 7, 236 6. 52 Deak . 000 30 8.0 105. 7 4. 42 
d2- ©, 90 Hees) 2. 84 . 000 30 10.0 126.5 5.07 
G3. A. 6, 200 6. 75 2. 50 . 000 30 9.0 139.5 ABS 
74 B 6. 480 8.00 2. 86 . 000 30 12.0 131.0 4.33 


TABLE XV—Continued. 
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MISSOURI RIVER AT AYTCHISON—Continued. 


Sus- Oxygen | Oxygen | 
No. Source. pended dis- con- s. | NOs Cl. HCO; rene 
matter. | solved. | sumed. y 
TOgttORG tices ooo eee 106 ipp3 2. 67 0. 000 0.30 8.0 12755 4. 933 
7G Oe 3 eK Or: FN mat Se arr rears © 5, 718 7.65 2558 . 900 . 30 10.0 131.0 4. 500 
ACA lel Baek Oe Aes See Ay. Paes 5,918 6. 81 1.92 - 000 .30 12:0 131.0 4. 455 
Chet A ORisie Seegeatee aeter eee te 110 Goth 2. 45 . 000 . 30 9.0 134. 6 5. 100 
COR Avs Cr AOE cee 5, 852 6. 88 12 . 000 . 30 11.0 127.5 4. 522 
SOR MBE Os Seas 2 oct ae 6,014 Head) 2.5 . 000 . 30 16.0 129.8 4.577 
SU ECS tet aee sits oe nae 74 5.76 2.8 . 000 .30 11.0 128.7 5. 100 
OPT hs Gk Bie ms ee sas Bt, 6, 422 6. 24 3.10 . 000 . 30 8.0 13320 4.522 
Somes OS. exces 6.2 Sere 6, 674 Wels 3.05 . 000 .30 9:0 138.5 4.577 
SABIEGs. Orso sete acteacs nee 132 6. 50 2.25 . 000 . 30 8.0 141.0 4. 877 
Hae Acs Ch eet sk sve 6, 624 7. 04 2.6 - 000 . 30 12.0 13.7.2 4, 955 
SOue BD sO sje ow ce erate 6, 978 6. 43 3.0 . 000 +30 10.0 137. 2 4, 900 
Sia. So Be beet See 46 6. 69 252 . 000 . 30 9.0 133.5 5.100 
SS eArs CO Mo todeesae aver 7,744 6. 91 2.9 . 000 . 30 7.0 144.5 5. 158 
Soap Bie Cj aastaecakace ss 8,022 7.04 3.0 . 000 . 30 6.0 142.0 5.156 
OOWR COS Sees ote 129 Gay 320 . 000 .30 8.0 I Ted 4.955 
91 ee fee) es eae re fe 7,490 6. 78 2.9 . 000 539 8.0 143.4 5. 000 
92 Py Oe er oer set Fea ae ea ae eee eee el (nie ae ee eee es PA oT ee Oe ee See clGndaores. < - 
OS ACS se epaeene tock ee Ja 10) 7.04 2.6 . 000 - 30 8.0 136.0 5. 288 
OA Al CR es oe eae ae 5, 296 6.30 2.5 . 000 700) 5.0 138.5 4. 9000 
UST Mal B5egh Oe sk an ata 5,508 7.10 2.5 . 000 . 30 6.0 142.0 4. 855 
SGA CaS ae as oe eed 116 6.30 Boll . 000 . 30 8.0 136.0 5. 555 
CTY BEC Oe ae 2 aN Rae Sk i 5, 278 6.30 3.0 - 000 .30 ; 8.0 139.6 5. 033 
O8 s\n Bre CIR PAE oo ee SE ae 5, 586 6. 72 2.6 - 000 . 30 | 8.0 136.0 §. 188 
OOM Co Scee te eacsck tee 93 6. 55 DT . 000 . 30 8.0 141.0 5. 533 
LOQMIPA. CC Sot ens ee ee 4,936 4. 48 2.9 . 000 - 30 8.0 141.03 S22355 . see 
LOIS C5 esate cee 5, 400 4.99 3e1 - 000 -30 9.0 VAS SA fon: See 
NODA eC .iSicie s jones ob see 102 5. 41 2.3 . 000 . 30 9.0 133.15 fisee oes ee 
OB i ASs Come ee ee Set es 5, 088 6. 49 2.4 . 000 . 30 9.0 NSS: .Os| Ss ee ee 
LOAN BSCR et e225 See 5,176 Veal 2.6 - 000 . 30 12.0 13305 ole ce. See 
RODE RO VSsisesess dee cee 106 6. 88 PT . 000 -30 8.0 128.6) | eeee se 
HOGS EAS Ce ie. oe ee 4,320 Mot 2.4 . 000 .30 8.0 LAG..9 ae. Se 
HORAN Caeeate SS, 4,770 6. 79 255 . 000 «30 10.0 1A. Noth. 
HOSE Cx Si esaeeks Skee: 80 6. 56 2.5 . 000 . 30 10.0 ISO shee eee 
NOGA AL Clo as. ost aes 3, 254 7.01 1.9 - 000 .30 9.0 14) iO ee 
LOMB. Crees. 3s 3,584 7.03 1.4 - 000 .30 10.0 143.4 vlicn. ae See 
PA CaS Fe ae ee. ahs Se. 81 6. 85 Tea - 000 as i0) 10 128 Oi aoseck < ee 
PUB NRAY. (Oa Reees 2 52 eae ee 3,110 WeLe 2.4 - 000 . 30 10.0 P8350) lee 
TSR AB Co ee nets ole ee 3,180 6. 56 250 - 000 .30 9.0 1373.02 2 2 
PIAS OAS ea See. eee 75 6. 88 2.4 . 000 . 30 10.0 113 02.2. 
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TaBLE XVI. 


{Kansas State Board of Health, Water and Sewage pe eretcny University of Kansas, Lawrence, Kans.; 
Mr. Young.] 


MISSOURI RIVER, AT LEAVENWORTH. 


ee ee ee ee ee ee Se = PG a 


Sus- Oxygen | Oxygen 
No. Source. pended dis- con- NOsg. NOs. Cl. 


matter. | solved. | sumed. tivity 

E) A. (*) (*) (*) (*) (*) (*) G) (*) 

at Bs (*) (*) (*) * (*) (*) cc (*) 

3/;C.8 10 8.0 1. 46 0.001 0. 30 13.0 143.0 12.87 

4] A. (*) (*) (*) (*) (*) (*) (*) (*) 

5 | B. (*) (*) (*) (*) (*) (*) @) * 

6r)C, 14 8.0 1.45 02 . 30 14.0 143.0 12. 86 

He | cA. 3, 644 6.9 228 005 .50 12.0 171.5 12. 60 

(ort eal B38 3, 545 4.5 2.91 04 250) 20.0 147.0 14. 93 

Ou (C 12 8.3 1.19 000 Baty 11.6 144.5 12. 87 
HO) A. 4,916 6.8 2.74 005 50 12.0 166.5 12.30 
bth B, * 4,948 6.5 2.58 04 Ati) 12.0 159.0 12533 
tC. (P: 7.4 1.68 000 .70 12.0 136.0 12. 83 
13 | A. 5, 528 6.6 2.57 005 - 50 12.0 160.5 12. 89 
14. |B. 5, 213 8.9 2.67 03 . 50 11.0 160.5 12.89 
a5 | G6. 2 An? 1.81 000 ATA) 15.0 132.5 13.07 
ie HP tACc 5, 730 8.35 2.67 000 - 50 15.0 164.0 7.06 
| Be. 5, 425 Teoh 2.83 000 50 AG 0 164.0 6. 96 
H.-C. 10 8.35 0.97 04 . 50 9.0 136.0 7.06 
VO.) A. 5, 788 7.38 2.87 000 50 10.0 U7 P4a) 6. 63 
20 | B. 2, 384 8. 22 26 02 50 10.0 148.0 6. 50 
Bi | Cz 13 8.58 1.52 . 04 -50 12.0 128.8 6. 90 
92") A. 5, 525 7.26 ipa. . 000 . 50 13.0 155.5 6.09 
23, |, Bs 5, 116 7.65 2.44 .O1 . 50 10.0 154.0 6. 21 
2A- iC, v7, 8. 42 1.16 . 000 210 12.0 123.8 6. 99 
D5 A. 3, 937 7.48 3. 30 . 000 . 50 9.0 158.0 6. 10 
26) } 6: 4, 600 7.87 3. 10 . 000 - 50 11.0 153.0 6.03 
aT Oe 14 5.15 1.30 000 . 50 11.0 128.8 6. 83 
28) | A. 4,610 7.36 1.68 . 000 Oat) 10.0 156.5 5. 79 
29)| B 4,789 WeOT 2.05 . 000 50 11.0 147.0 5.98 
BOC. 640 7.36 0. 62 . 000 -50 10.0 130.0 6. 68 
ee |i AL IS cei: 7.46 2202 . 002 50 9.0 150.0 5.63 
325) B. 5, 343 8.19 2.01 . 002 50 9.0 144.5 5. 68 
33 | C. 24 8. 23 2.43 . 000 50 10.0 122.5 6.47 
34] A. Dube 6.91 2.43 . 000 50 10.0 166.3 4.9 
35.3. 5, 070 8.07 Qaak . 000 30 9.0 150. 7 4.9 
36 | C. 27 8. 22 1.56 000 50 9.0 12755 5.8 
7 il Ak 1,541 7.10 2.94 . 000 30 8.0 148.0 4.6 
38 | B. 4,288 7.36 3.09 . 000 50 8.0 154.0 4.6 
39 | C. 20 (ag 1.54 . 000 50 8.0 119.0 HAS 
40 | A. 4,610 6. 65 2.35 . 000 50 10.0 146.5 4.4 
41 | B. 4,502 7.84 220 . 000 50 10.0 144.5 4.4 
42 1 C. 23 OTD 1.19 . 000 50 10.0 120.0 5.2 
43 | A, 4,798 3.07 3.40 000 30 6.0 132.0 42 
44/1 B. 4, 340 E 7.29 1.68 000 30 7.0 147.0 4.2 
AB UNG; 24 7.45 1.38 . 000 30 7.0 145.6 4.9 
46 | A. 4,498 6.27 1.89 . 000 30 dod 144.5 4.3 
A ky. 4, 132 6.4 1.74 000 30 9.0 154. 0 4.2 
481 C. 1 6.91 1.00 000 30 9.0 125.0 4.6 
49 | A, 3, 988 6. 85 1.62 000 30 9.0 142.0 4.6 
50 | B. 3, 642 5. 69 DIB 000 30 10.0 139.6 4.6 
5 Gs 82 ai 0.68 000 50 10.0 118.0 4.8 
bot OA. 3, 308 6.33 DEO 000. 30 10.0 143.0 4.70 
Bo ose Sin cs fens beste wcll cle wie sie eo) pare epateienane bose eee ns oS Seees ts Sac ies Is 21S isin sn 2 Si 0 Sti 
BANC, 11 7.55 se 000 . 50 10.6 110.5 4.95 
55 | A. 3, 259 6. 56 ees 000 30 9.0 142.5 4.50 
56 | B. 2,796 6. 24 1. 64 . 000 30 9.0 147.0 5. 55 
Ta ak Le 10 6.77 0.55 . 000 . 50 10.0 109.2 4.90 
58 | A, 3, 586 6. 33 1. 84 . 000 oO) 9.0 142.0 4.60 
59 | B. 3, 160 6.11 2. 26 . 000 Bre) 9.0 139.5 5. 60 
60 | Cc. 10 6.94 1.04 . 000 . 50 8.0 116.5 4. 80 
61 | A. 2,376 6.78 1.53 . 000 30 8.0 LS OnOM eee nara etee 
G2. B. 2, 750 6.88 2.07 . 000 50 12.0 PSO Oslet tes ett 
63 | C. 15 7.64 0.97 . 000 70 10.0 USA Onley eaters cee. 
64 | A. 3, 652 6. 02 Zoo . 000 30 11.0 MASAO ee cay neta ees 
65 | B. 4,060 6.91 2. 60 . 000 50 ANE) LS ORS er eva er ane 
661 C. it? 7.46 ein . 000 50 12.0 SLE Z oul tee iene 
67 | A. 3, 506 6. 62 1.83 . 000 50 8.0 LIS. 4. 56 
68 | B. 3, 752 5. 76 2.10 . 000 50 9.4 136. 0 4.70 
69: | C. 14 6.91 0. 80 . 000 50 11.0 109. 4 4.92 
70 | A. 3, 467 6. 24 2.14 . 000 . 50 7.0 135.0 4.50 
ltd: 4,176 6.91 2.30 . 000 . 50 9.0 1322-5 4.55 
Toe, 14 7.01 da @) . 000 . 50 10.0 102.0 4.90 
7 a a 3, 550 6.05 2.44 . 000 . 30 9.0 Mey 5) 4.57 
74) B. 3,516 7.62 2.42 . 000 . 30 14.0 133. 5 ! 4.48 


1 No sample. 
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TABLE X VI—Continued. 


MISSOURI RIVER, AT LEAVENWORTH-—Continued. 


OP ODP OR POMP OUP ONP Obb OP OmbOb> ObP Om OmSOmPomPS 


OwPom>omD 


| 
Sus- Oxygen | Oxygen » 
Source. pended | dis. con- | NOs | NOs. | Cl. | HCO, | Condue 
é matter. | solved. | sumed. ¢ 
fh lars Sie er ae 10 Goo 1.26 | 0.000 0. 30 LEO 110.5 4.98 
Lo Se RO Ae ea 3, 564 6.43 2.35 . 000 30 9.4 125.0 5.45 
(Us RR Eee Mtns aac 3, 416 Of 2.55 - 000 30 7.8 138.5 4.40 
os 5. ae are a 20 Toh, 1.50 - 000 - 30 9.6 113.0 5.02 
Ce NE od 22S 5, 324 6.69 2.31 - 000 . 30 9.0 137.4 4.20 
Coe Sass, bee: 4,994 6. 62 2.35 - 000 30 10.0 132.5 4, 20 
i ees, 4 ee 8 OO 5 6.69 1.46 . 000 -3 10.0 113.0 4. 80 
OL POR so Sores 6, 950 6.21 1.85 . 000 3 10.0 132.5 4.42 
OR Sak. see. 7,400 6.48 2.18 - 000 30 12.0 135.0 4.42 
ei St AE... 2 ew Me 12 7.81 0. 96 . 000 - 50 9.6 110.5 4.87 
CGNe so. ee. 6, 236 6.75 2.01 - 000 | . 30 8.0 132.3 4.35 
OL oR cc PERS: 5, 142 6.98 1.93 - 000 - 30 7.0 142.0 4, 43 
So Se > ot fey 20 7.48 . 62 - 000 - 30 11.0 |: 115.5 4.73 
A SPT 6, 328 (piiy: 1.90 - 000 30 8.0 133.5 4.40 
Coot are 5, 974 (Od 2.22 - 000 0) 9.0 141.0 4.35 
har yes 5 nee geo 15 7.78 0.88 - 000 - 30 8.0 110.5 4.70 
CoB, oe Uy BES: 5, 890 6.94 13 . 000 - 30 12.0 134.6 4.57 
CP SER Fee 5, 430 6.98 1.4 . 000 - 30 13.0 133.5 4.52 
oe eet ale ae 30 7.65 0.5 - 000 - 30 10.0 104.5 4.62 
(OT | eee ea ee 6, 230 6.5 2.45 . 000 - 30 9.0 141.0 4,80 
ORR ok PR Bee 6, 120 6. 50 2.90 . 000 - 30 8.4 145.7 4.80 
Chai See Mk 20 7.46 1.60 . 000 30 10.6 110.0 4. 85 
Ce aie ee a a) ae 5,470 7.01 2.5 - 000 - 30 9.0 139.5 5.05 
Cees SAP RE oe 5, 974 6.69 2.8 . 000 30 10.0 183.5 5.05 
Poets: eee. 20 6. 82 13 . 000 - 30 10.0 132.3 5.06 
Uae 625 Dieta ee eee 7, 032 6.72 af . 000 - 30 7.0 CS ee Ihe Ee a oy Si 
OS: cL gear 8, 120 6. 82 3.2 . 000 . 30 8.0 TAN O ees Pa 
Shes eat cn ae oe 30 6.85 2.0 . 000 . 30 10.0 pS ee Sa ee 
EBs. oS A 7, 348 6.47 2.5 - 000 - 30 7.0 150.5 5.10 
Cs AES. 7,428 6. 56 2.5 . 000 30 6.0 145.7 5.05 
SOS bhi sci ats, 30 6.97 ine . 000 - 30 8.0 109.3 5. 60 
CL Seba: Ris 5, 256 6.18 2.2 - 000 . 30 5.0 143.4 4.90 
Cpe a eal 2 5, 542 6. 27 2.3 . 000 - 30 7.0 139.6 4.90 
Let Me. 2 Ae: 25 7.74 156 . 000 . 30 8.0 111.6 5.70 
Ue She ee 4,944 5.03 2.8 - 000 - 30 8.0 150.5 4.98 
CoO es ORE EO. 5, 288 6. 62 3.1 . 000 . 30 8.0 137.0 4,98 
St Stee. AOR 5, 228 6. 65 1.6 - 000 - 30 7.0 96.0 5. 63 
CoS ARS foe ie 6, 660 6.37 2.8 - 000 - 30 7.0 133.3 s2c3 yee 
OR By eas on eee 5, 652 7.68 3.1 - 000 - 30 8.0 128.6. (aS Se 
Ss |e a ge) 25 5.89 4.2 - 000 - 30 8.0 OT. B35 ae 
ON aes ty Be 4, 920 6. 72 3.0 - 000 - 00 9.0 136.0 Jad ee 
CREE A babe 5, 920 cant ica - 000 . 30 10.0 148.0 faa 21 aes 
St aoees. jae 20 7.36 0.9 - 000 . 30 10.0 D2 opal ate pe 
OB SSF Le 4, 536 6.75 2.5 - 000 . 30 10.0 140.7 [Pek 5 Se 
Os 5 to ar Ss ie 3, 440 6. 46 2.3 - 000 - 30 8.0 LAGOS ae ae 
pa Ed ee oe ee 20 1.55 1 . 000 . 30 11.0 DON oils iy ee ee 
Ce ses... SAS 3, 640 7.36 ss - 000 . 30 11.0 132.3) aaca ee 
CUE eo cakde tees 3, 560 7.43 2.4 - 000 - 30 11.0 150.5 (Poe 
oa eo eae ene 25 7.08 0.7 - 000 - 30 10.0 10930: 72335 ee 
CALS ta 4,126 6. 69 1.4 . 000 . 30 10.0 (Eve m Sameaepeere oe 
OS Beet eee os ae 3, 400 7. 84 17 - 000 - 30 10.0 134.0) ee 
AL ee ee 15 7.04 0.5 - 000 30 9.0 100: 3.0 Joo. Oe 
Cee Shse PD: 3, 562 6.91 2.2 - 000 - 30 10.0 130.0 ts ae 
CRS. oc et ee. 3, 068 7.04 2.5 . 000 . 30 13.0 132500 oe 
BEDS aioe. PME. 20 7.01 1.0 . 000 30 11.0 OO ee ee 


(7 


Tisie + VAL. 


[Kansas State Board of Health, Water and mernee a ei University of Kansas, Lawrence, Kans., 
r. Young. 


KANSAS RIVER AT LAWRENCE (BRIDGE). 


Sus- 
No. pended 
matter. 


Oxygen | Oxygen 


| Condue- 
tivity. 


oo | | 


dis- con- 

solved. | sumed. 
1s) 4,72 
6.9 7.90 
6.1 6.35 
Nett 2.46 
6.7 3.54 
4.6 2.94 
7.46 B55 OR 
8.22 3.80 
TBS 4.41 
6.97 3.40 
7.87 2eo4 
6.37 3. 26 
7 es We 28% 
6. 69 4.04 
6.59 3.02 
6.21 2.84 
6. 50 2.30 
5.44 2.45 
6.88 2.84 
6.66 2.10 
5.60 DeAGi 
6.85 3.47 
6.43 2.80 
6.46 QeOw 
6.59 2.20 
6.18 3507 
6.87 3.36 
6.08 3.49 
6. 62 3.78 
6. 88 2.50 
6. 49 5.47 
5.98 Beolll 
7.01 1.4 
6e02 0.60 
6.91 BD 
5.82 2.8 
6.05 2.5 
6. 40 2.6 
5.37 2.9 
5.79 3.0 
7.21 2.0 
6. 72 el 
6.14 0.9 
5.69 1.6 
6.33 252 


Gh. | HOOs. 
55.0} 255.0 
62.6 | 31.0 
65.0| 267.0 
69.4] 274.0 
69.0] 263.5 
72.0| 252.0 
72.0.| 268.5 
61.0| 223.5 
70.0| 214.0 
70.0 | 208.0 
80.0| 175.0 
42.0} 170.0 
35.0) "207.5 
47.0| 256.0 
71.0 | 207.5 
73,0 | 21,0 
73.0} 228.0 
72.6} 209.0 
59.0| 254.0 
46.0 | 229.5 
41.0} 225.0 
40.0} 237.0 
44.0| 243.0 
36.0} 179.7 
55.0 | 203.0 
56.0} 191.0 
57.0 | 198.0 
62.0] 184.7 
64.0] 197.0 
90.0 | 198.0 
43.0| 187.0 
49.0 | 210.0 
33.0 | 203.0 
40.0} 207.5 
25.01. 3.0 
48.0| 248.0 
62.0 | 274.5 
47.0| 273.0 
49.0| 271.0 
59.0| 266.0 
62.0} 273.0 
65.0} 290.0 
70.0| 280.0 
76.0 | 283.0 
80.0} 287.0 
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TaBLeE XVIII. 


[Kansas State Board of Health, Water and Sewage Laboratory, Un: ersity of Kansas, Lawrence, Kans.; 
Mr. Young.] 


KANSAS RIVER AT BONNER SPRINGS. 


Sus- Oxygen | Oxygen 
No. pended | dis- con- NOs. NOs. el. HCO. | Conduc- 
matter. | solved. | sumed. . 


dpevne Ore od tere cl 4 oe apa 1, 234 10.3 3. 98 0. 04 0. 30 55.0 252.0 13.72 
Dyas saya tte MASON SL, Ste. Ais 459 8.3 7.96 - 04 30 51.0 238.0 14.15 
OMe eae oped lnk 417 6. 4 9. 55 03 275 54. 0 226.0 15.01 
(earners aes ae 335 8.0 2. 94 005 35 61.0 241.5 13. 55 
Dicceanal ee ee ee 1,330 6.9 3.30 005 30 69.0 266. 0 13. 65 
Oeemones Posie sere nc es 1,538 6.6 2. 90 005 30 62.0 247.5 13.73 
Seeds t scien a oesh ee Se 578 8. 10 3. 45 000 - 00 71.0 265. 0 7.85 
OB aia = =. cst Ae eel 1, 290 7.81 4.01 - 001 -70 62. 0 220.0 7.30 
Se epee ota 1, 688 6. 69 4.00 - 000 -70 64. 0 192.0 7.06 
LEA Seger sot A aaa 1, 769. 8. 42 2.05 001 1.00 79.0 197.0 7. 60 
WOR o: = oo Sere eee 1, 500 7.81 3. 50 004 1.00 64.0 175.0 7.03 
See Ses fo Wired he oe 1, 166 7.45 3. 23 004 70 30. 0 193.0 4.9 
Ose ae Se Oy 967 6. 98 3. 52 002 70 34. 0 202. 5 5.2 
1 Or SERRE eee ee neem ee Se 676 5. 98 3. 80 001 -70 54. 0 209.0 6.0 
GEE opt oi anents ae. 454 6. 43 3. 28 001 70 66. 0 216.0 6.0 
ier aoe eee ae 528 6.15 2. 22 002 50 73.0 222.0 7.8 
I eye SAMI epsinci eeeeee 502 7.36 2. 65 001 50 70.4 226.0 Ge 
TOE eee eee 410 7.10 2.31 - 001 50 80.0 228. 5 8.30 
Vacate seit ewe Skt 377 7.10 1.89 001 50 58. 0 227.0 8.00 
Ue et ss RE 827 5. 76 3. 85 001 - 50 29.0 181.0 5. 00 
Po REY A ERS ch Se Pa A ge 610 6.14 4, 32 - 001 70 34. 0 193.0 6. 10 
7, PS ASE ee ree Oe, eee 7.08 3.30 01 - 50 43.0 os (oA OCR Cs 
PAs BGs ecko eee EM 974 6. 94 2. 62 - 002 - 50 42.0 28250 45. scpee cen 
BO Sa ore eh Saha Renan oto 1,170 6. 59 2.82 002 - 50 40.0 184.7 5. 46 
ZAG Bs eens oh, ik tae ae 936 6. 30 3. 06 |: 002 50 59. 0 212.5 6. 20 
ak rele oad a ark Woh coal ied 1,000 6. 82 3.12 001 00 59.0}. 206.5 7.07 
MeN Asi« ag he da etna ik a 454 5. 92 3. 91 001 50 46.2 175.0 5. 65 
Pee Cats cite Mee oad 2,336 5. 95 3.36 001 50 56. 0 186.0 6. 60 
Ore fo oem es 1,414 6.78 2.57 - 001 50 63.0 187.0 6.57 
OL Mas che dota ooeues 1, 080 7.45 3.57 002 -30 62.0 223.0 7.10 
Cer ae Sea ee ihe os 1,374 6. 85 3. 84 002 - 30 44.0 191.0 5. 40 
Le eh Sa 734 6. 62 Lv 002 30 49.0 224. 5 6. 42 
Dasa che tle eee. te 662 6. 46 4,5 - 002 30 37.0 215.0 5. 65 
Bones Soest ees Ses 404. 7.04 3.7 002 30 41.0 216.0 6. 00 
DOU eres chee Nes 201 6. 65 3.5 002 - 30 40.0 2G Rs 5 
SN aicteine vat td Cad eae | 96 6. 72 2.8 - 002 - 30 51.0 262.0 8.30 
Bit sigs <i Sak aR San cc aed 14GWE dBase Tae sees - 002 oO Be Sica. Seapielee eet eae 2 [Sees 
“i SS ea eg eee 120 4.51 4.0 - 002 30 49.0 269.5 7. 23 
Bee ON oe acts eee eee 170 6. 04 3.2 002 30 48.0 2620 jes3 Soe 
ae abc teictctad Mt chreeioe cht’ 79 6. 43 2.2 002 30 57.0 BOT Ol ac nce aye eee 
BSartist eke ciate 50 6. 95 2.4 002 30 60. 0 Pas ea eee 
Ba tesaescks wees «ee 61 6. 76 1.2 002 30 71.0 202. Oc) oon SRS 
Beeodte ade does canes 55 6. 66 esth 002 30 68. 0 BODSO Y.coate Shae 
BOE gaits Mee Sas ies 30 6.33 2.7 002 30 78.0 Pa SUS eee Gea 
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HYGIENIC LABORATORY BULLETINS OF THE PUBLIC HEALTH | 
AND MARINE-HOSPITAL SERVICE. 


The Hygienic Laboratory was established in New York, at the Marine Hospital on 
Staten Island, August, 1887. It was transferred to Washington, with quarters in the 
Butler Building, June 11, 1891, and a new laboratory building, located in Washington, 
was authorized by act of Congress March 3, 1901. 

The following bulletins [Bulls. Nos. 1-7, 1900 to 1902, Hyg. Lab., U. S. Mar.-Hosp. 
Serv., Wash.] have been issued: 

*No. 1.—Preliminary note on the viability of the Bacillus pestis. By M.J. Rosenau. 

No. 2.—Formalin disinfection of baggage without apparatus. By M. J. Rosenau. 

*No. 3.—Sulphur dioxid as a germicidal agent. By H. D. Geddings. 

*No. 4.—Viability of the Bacillus pestis. By M. J. Rosenau. 

No. 5.—An investigation of a pathogenic microbe (B. typhi murium Danyz) applied 
to the destruction of rats. By M. J. Rosenau. : 

*No. 6.—Disinfection against mosquitoes with formaldehyde and sulphur dioxid. 
By M. J. Rosenau. 

tNo. 7—Laboratory technique: Ring test for indol, by S. B. Grubbs and Edward 
Francis; Collodium sacs, by S. B. Grubbs and Edward Francis; Microphotography 
with simple apparatus, by H. B. Parker. 

By act of Congress approved July 1, 1902, the name of the ‘‘ United States Marine- 
Hospital Service” was changed to the ‘‘ Public Health and Marine-Hospital Service of 
the United States,” and three new divisions were added to the Hygienic Laboratory. 

Since the change of name of the service the bulletins of the Hygienic Laboratory 
have been continued in the same numerical order, as follows: 

*No. 8.—Laboratory course in pathology and bacteriolory. By M. J. Rosenau. 
(Revised edition, March, 1904.) 

tNo. 9.—Presence of tetanus in commercial gelatin. By John F. Anderson. 

*No. 10. Report upon the prevalence and geographic distribution of hookworm dis- - 
ease (uncinariasis or anchylostomiasis) in the United States. By Ch. Wardell Stiles. 

*No. 11.—An experimental investigation of Trypanosoma lewisit. By Edward 
Francis. 

*No. 12.The bacteriological impurities of vaccine virus; an experimental study. 
By M. J. Rosenau. ; 

*No. 13.—A statistical study of the intestinal parasites of 500 white male patients at 
the United States Government Hospital for the Insane; by Philip E. Garrison, Bray- 
ton H. Ransom, and Earle C. Stevenson. <A parasitic roundworm (Agamomermis | 
eulicis nN. g., Nn. sp.) in American mosquitoes (Culex sollicitans); by Ch. Wardell Stiles. 
The type species of the cestode genus Hymenolepis; by Ch. Wardell Stiles. 

*No. 14.—Spotted fever (tick fever) of the Rocky Mountains; a new disease. By 
John F. Anderson, 

*No. 15.—Inefficiency of ferrous sulphate as an antiseptic and germicide. By Allan 
J. McLaughlin. 

*No. 16.—The antiseptic and germicidal properties of glycerin. By M.J. Rosenau. 
*No. 17.—Illustrated key to the trematode parasites of man. By Ch. Wardell Stiles. 
*No. 18.—An account of the tapeworms of the genus Hymenolepis parasitic in man, 
including reports of several new cases of the dwarf tapeworm (H. nana) in the United 
States. By Brayton H. Ransom. 

*No. 19.—A method for inoculating animals with precise amounts. By M. J. 
Rosenau. =e 

*No. 20.—A zoological investigation into the cause, transmission, and source of 
Rocky Mountain ‘“‘spotted fever.’”’ By Ch. Wardell Stiles. 

*No. 21.—The immunity unit for standardizing diphtheria antitoxin (based on Ehr- 
lich’snormal serum). Official standard prepared under the act approved July 1, 1902. 
By M. J. Rosenau. 
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*No. 22.—Chloride of zine as a deodorant, antiseptic, and germicide. By T. B. 
McClintic. 

*No. 23.—Changes in the Pharmacopceia of the United States of America. Eighth 
Decennial Revision. By Reid Hunt and Murray Galt Motter. 

No. 24.—The International Code of Zoological Nomenclature as applied to medicine. 
By Ch. Wardell Stiles. 

*No. 25.—Illustrated key to the cestode parasites of man. By Ch. Wardell Stiles. 

*No. 26.—On the stability of the oxidases and their conduct toward various reagents. 
The conduct of phenolphthalein in the animal organism. A test for saccharin, and 

a simple method of distinguishing between cumarin and vanillin. The toxicity of 
- ozone and other oxidizing agents to lipase. The influence of chemical constitution on 
the lipolytic hydrolysis of ethereal salts. By J. H. Kastle. 

*No. 27.—The limitations of formaldehyde gas as a disinfectant with special refer- 
ence to car sanitation. By Thomas B. McClintic. 

*No. 28.—A statistical study of the prevalence of intestinal wormsin man. By Ch. 
Wardell Stiles and Philip E. Garrison. 

*No. 29.—A study of the cause of sudden death following the injection of horse 
serum. By M. J. Rosenau and John F. Anderson. 

tNo. 30.—I. Maternal transmission of immunity to diphtheria toxine. II. Mater- 
nal transmission of immunity to diphtheria toxine and ire amma: cere to horse 
serum in the same animal. By John F. Anderson. 

TNo. 31.—Variations in the peroxidase activity of the blood in health and disease. 
By Joseph H. Kastle and Harold L. Amoss. 

No. 32.—A stomach lesion in guinea pigs caused by diphtheria toxine and its bear- 
ing upon experimental gastric ulcer. By M. J. Rosenau and John F. Anderson. 

*No. 33.—Studies in experimental alcoholism. By Reid Hunt. 

TNo. 34.—I. Agamofilaria georgiana n. sp., an apparently new roundworm parasite 
from the ankle of a negress. II. The zoological characters of the roundworm genus 
Filaria Mueller, 1787. III. Three new American cases of infection of man with horse- 
hair worms (species Paragordius varius), with summary of all cases reported to date. 
By Ch. Wardell Stiles. 

fNo. 35.—Report on the origin and prevalence of typhoid fever in the District of 
Columbia. By M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle. (Including 
articles contributed by Ch. Wardell Stiles, Joseph Goldberger, and A. M. Stimson.) 

-+No. 36.—Further studies upon hypersusceptibility and immunity. By M. J. Rose- 
nau and John fF. Anderson. 

tNo. 37.—Index-catalogue of medical and veterinary zoology. Subjects: Trema- 
toda and trematode diseases. By Ch. Wardell Stiles and Albert Hassall. 

No. 38.—The influence of antitoxin upon post-diphtheritic paralysis. By M. J. 
Rosenau and John F. Anderson. 

No. 39.—The antiseptic and germicidal properties of solutions of formaldehyde and 
their action upon toxines. By John F. Anderson. 

7No. 40.—1. The occurrence of a proliferating cestode larva (Sparganum proliferum) 
in man in Florida, by Ch. Wardell Stiles. 2. A reexamination of the type specimen 
of Filaria restiformes Leidy, 1880= Agamomermis restiformis, by Ch. Wardell Stiles. 3. 
Observations on two new parasitic trematode worms: Homalogaster philippinensis 
n. sp., Agamodistomum nanus n. sp., by Ch. Wardell Stiles and Joseph Goldberger. 
4, A reexamination of the original specimen of Tenia saginata abietina (Weinland, 
1858), by Ch. Wardell Stiles and Joseph Goldberger. 

No. 41.—Milk and its relation to the public health. By various authors. 

{No. 42.—The thermal death points of pathogenic micro-organisms in milk. By 
M. J. Rosenau. 
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TNo. 43.—The standardization of tetanus antitoxin (an American unit established 
under authority of the act of July 1, 1902). By M. J. Rosenau and John F. Anderson. 

No. 44.—Report No. 2 on the origin and prevalence of typhoid fever in the District 
of Columbia, 1907. By M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle. 

TNo. 45.—Further studies upon anaphylaxis. By M. J. Rosenau and John F. 
Anderson. 

No. 46.—Hepatozoon perniciosum (n. g., n. sp.); a heemogregarine pathogenic for 
white rats; with a description of the sexual cycle in the intermediate host, a mite 
(lelaps echidnimus). By W. W. Miller. 

No. 47.—Studies on Thyroid: I. The relation of iodine to the physiological activity 
of thyroid preparations. By Reid Hunt and Atherton Seidell. 

No. 48.—The physiological standardization of digitalis. By Charles Wallis 
Edmunds and Worth Hale. 

No. 49.—Digest of comments on the United States Pharmacopeia. Eighth decen- 
nial revision for the period ending December 31, 1905. By Murray Galt Motter and 
Martin I. Wilbert. 


No. 50.—Further studies upon the phenomenon of anaphylaxis. By M. J. Rosenau 
and John F. Anderson. 


No. 51.—Chemical tests for blood. By Joseph H. Kastle 

No. 52.—Report No. 3 on the origin and prevalence of typhoid fever in the District 
of Columbia (1908). By M. J. Rosenau, Leslie L. Lumsden, and Joseph H. Kastle. 

No. 53.—The influence of certain drugs upon the toxicity of acetanilide and anti- 
pyrine. By Worth Hale. 

No. 54.—The fixing power of alkaloids on volatile acids and its application to the 
estimation of alkaloids with the aid of phenolphthalein or by the Volhard method. 
By Elias Elvove. 

No. 55.—Quantitative pharmacological studies; adrenalin and adrenalin-like bodies. 
By W. H. Schultz. 

No. 56.—Milk and its relation to the public health. (Revised edition of Bulletin 
No. 41.) By various authors. 

No. 57.—I. The presence of tubercle bacilli in the circulating blood in clinical and 
experimental tuberculosis. By John F. Anderson. II. The viability of the tubercle 
bacillus. By M. J. Rosenau. 

No. 58.—Digest of comments on the Pharmacopeeia of the United States of America 
(eighth decennial revision) and the National Formulary for the period ending Decem- 
ber 31, 1906. By Murray Galt Motter and Martin I. Wilbert. 

No. 59.—The oxidases and other oxygen catalysts concerned in biological oxida- 
tions. By Joseph Hoeing Kastle. 

No. 60.—A study of the anatomy of Watsonius (n. g.), Watsoni of man, and of 19 
allied species of mammalian trematode worms of the superfamily Paramphistomoidea. 
By Ch. Wardell Stiles and Joseph Goldberger. 

No. 61.—Quantitative pharmacological studies; Relative physiological activity of 
some commercial solutions of epinephrin. By W. H. Schultz. 

No. 62.—The taxonomic value of the microscopic structure of the stigmal plates in 
the tick genus Dermacentor. By Ch. Wardell Stiles. 

TNo. 63.—Digest,of comments on the Pharmacopceia of the United States of America 
(eighth decennial revision) and the National Formulary (third edition) for the cal- 
endar year ending December 31, 1907. By Murray Galt Motter and Martin I. Wilbert. 

No. 64.—Studies upon anaphylaxis with special reference to the antibodies con- 
cerned. By John F. Anderson and W. H. Frost. 

No. 65.—Facts and problems of rabies. By A. M. Stimpson. 

No. 66.—I. The influence of age and temperature on the potency of diphtheria anti- 
toxin. By John F. Anderson. II. An organism (Pseudomonas protea) isolated from 
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water, agglutinated by the serum of typhoid fever patients. By W. H. Frost, TIT. 
Some considerations on colorimetry, and a new colorimeter. By Norman Roberts. 
IV. A gas generator, in four forms, for laboratory and technical use. By Norman 
Roberts. 

tNo. 67.—The solubilities of the pharmacopeeial organic acids and their salts. By 
Atherton Seidell. 

No. 68.—The bleaching of flour and the effect of nitrites on certain medicinal sub- 
stances. By Worth Hale. 

No, 69.—The effects of restricted diet and of various dicts upon the resistance of 
animals to certain poisons. By Reid Hunt. 

No. 70.—A study of melting-point determinations with special reference to the 
melting point requirements of the United States Pharmacopeeia. By George A, 
Menge. 

No. 71. 1. Some known and three new Endoparasitic Trematodes from American 
fresh-water fish. By Joseph Goldberger. 2. On some new parasitic Trematode 
worms of the genus Telorchis. By Joseph Goldberger. 3. A new species of Athesmia, 
from amonkey. By Joseph Goldberger and Charles G. Crane. 

tNo. 72.—I. Report on an Outbreak of Typhoid Fever at Omaha, Nebr. (1909-1910), 
by L. L. Lumsden. II. The Water Supply of Williamson, W. Va., and its Relation 
to an Epidemic of Typhoid Fever. By W. H. Frost. 

No. 73.—The effect of a Number of Derivatives of Choline and Analogous Com- 
pounds on the Blood Pressure. By Reid Hunt and R. de M. Taveau. 

No. 74.—Digitalis standardization and the variability of crude and of medicinal 
preparations. By Worth Hale. 

No. 75.—Digest of comments on the Pharmacopceia of the United States of America 
(eighth decennial revision) and the National Formulary (third edition) for the calendar 
year ending December 31, 1908. By Murray Galt Motter and Martin I. Wilbert. 

No. 76—The physiological standardization of ergot. By Charles Wallis Edmunds 
and Worth Hale. 

No. 77.—Sewage pollution of interstate and international waters with special refer- 
ence to the spread of typhoid fever. By Allan J. McLaughlin. 

No. 78.—Report No. 4 on the origin and prevalence of typhoid fever in the District 
of Columbia (1909). By L. L. Lumsden and John F, Anderson. (Including articles 
contributed by Thomas B. McClintic and Wade H. Frost.) 

No. 79.—Digest of comments on the Pharmacopeeia of the United States of America 
(eighth decennial revision) and the National Formulary (third edition) for the calendar 
year ending December 31, 1909. By Murray Galt Motter and Martin T. Wilbert. 

No. 80.—Physiological studies in anaphylaxis. Reaction of smooth muscle from 
various organs of different animals to proteins. (Including reaction of muscle from 
nonsensitized, sensitized, tolerant, and immunized guinea-pigs.) By William H, 
Schultz. 

No. 81.—Tissue proliferation in plasma medium. By John Sundwall. 

No. 82.—I. Method of standardizing disinfectants with and without organic matter, 
By John F. Anderson and Thomas B. McClintic. II. The determination of the 
phenol coefficient of some commercial disinfectants. By Thomas B. McClintic. 

No. 83.—I. Sewage pollution of interstate and international waters with special 
reference to the spread of typhoid fever. II. Lake Superior and St. Marys River, 
Ii. Lake Michigan and the Straits of Mackinac. IV. Lake Huron, St. Clair River, 
Lake St. Clair, and the Detroit River. V. Lake Ontario and St. Lawrence River, 
By Allan J. McLaughlin. ' 

No. 84. Digest of comments on the Pharmacopceia of the United States of America 
(eighth decennial revision) and on the National Formulary (third edition) for the 
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calendar year ending December 31, 1910. By Murray Galt Motter and Martin I. 
Wilbert. 

No. 85.—Index-catalogue of medical and veterinary zoology. Subjects: Cestoda 
and cestodaria. By Ch. Wardell Stiles and Albert Hassall. 

No. 86.—Studies on typhus. By John F. Anderson and Joseph Goldberger. 

No. 87.—Digest of comments on the Pharmacopceia of the United States of America 
(eighth decennial revision) and on the National Formulary (third edition) for the cal- 
endar year ending December 31, 1911. By Murray Galt Motter and Martin I. Wilbert. 

No, 88.—Method for determining the toxicity of coal-tar disinfectants, together with 
a report on the relative toxicity of some commercial disinfectants. By Worth Hale. 

No. 89.—Sewage pollution of interstate and international waters with special 
reference to the spread of typhoid fever. VI. The Missouri River from Sioux City 
to its mouth. By Allan J. McLaughlin. 

In citing these bulletins bibliographers and authors are requested to adopt the fol- 
lowing abbreviations: Bull. No. ——, Hyg. Lab., Wash., pp.——. 

The service will enter into exchange of publications with medical and scientific 
organizations, societies, laboratories, journals, and authors. ALL APPLICATIONS FOR 
THESE PUBLICATIONS SHOULD BE ADDRESSED TO THE “Surgeon General, U. S. 
Public Health Service, Washington, D. C.,”? ExcEPT THOSE MARKED (*) AND (f). 

The publications marked (*) are no longer available for distribution by the Surgeon 
General of the Public Health Service. Copies of those marked (+) may, however, 
be obtained from the Superintendent of Documents, Government Printing Office, 
Washington, D. C., who sells publications at cost, and to whom requests for pubh- 
cations thus marked should be made. 
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